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THE  THERAPEUTIC  VALUE  OF  HYPO- 
CHLOROUS  ACID. 

BY 

RAUL  FLORES  CORDOVA,  M.D.Lima. 

(From  the  Lister  Institute  of  Preventive  Medicine,  London.) 


In  October  of  last  year  I  communicated  to  the  British 
Medical  Journal^  some  experiments  on  the  neutrahzing 
effects  of  hypochlorous  acid  on  diphtheria  toxin,  and  drew 
attention  to  the  resistance  the  animal  body  offers  to  large 
quantities  of  the  solution  used. 

During  the  last  nine  months  various  investigators  have 
dealt  with  the  hypochlorites  as  antiseptics — Lorrain 
Smith,  Murray  Drennau,  Rettie  and  Campbell,^  Dakin," 
Schiitze^ — and  also  given  the  results  of  treatment  by 
intravenous  injection — Lorrain  Smith,  Ritchie  and  Rettie,^ 
and  Brand  and  Keith,^  in  cases  of  puerperal  infections; 
Fraser  and  Bates,''  in  cases  of  toxaemia  consequent  to  gas 
gangrene. 

In  this  paper  I  publish  further  and  more  detailed 
experiments  to  determine  the  antitoxic  and  antiseptic 
power  of  hypochlorous  acid  in  vivo. 

It  has  been  shown  by  Dakin^  that  in  vitro  staphylococci 
suspended  in  saline  are  killed  within  two  hours  by  sodium 
hypochlorite,  1  in  500,000,  but  that  when  serum  is  present 
a  concentration  of  1  in  1,500  is  needed. 

It  has  been  thought,  therefore,  important  to  prove 
experimentally  (1)  which  is  the  highest  concentration 
of  HCIO  tolerated  by  animals,  and  (2)  what  is  the 
lowest  concentration  producing  an  antiseptic  or  antitoxic 
effect. 

Rabbits  of  about  2  kilos  in  weight  and  therefore  with 
approximately  90  c.cm.   blood   were    used.      The    HCIO 
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solution  employed  was  eusol  with  a  Iiypochloroiis  acid 
coucentiation  of  0.5  per  cent.,  physiological  saline  beinj* 
used  in  place  of  water  and  CaCl..  added  on  account  of  its 
antitoxic  properties  ;  it  is  prepared  as  follows : 

To  800  c.cm.  physiological  saline  add  10  grams  bleaching 
powder  and  10  grams  boric  acid,  shake  vigorously,  allow  to 
stand  for  two  or  three  hours,  then  filter  and  add  to  the  liltrute 
2  grams  of  chemically  pure  calcium  chloride.  The  solution 
now  contains  HCIO  in  a  strength  of  between  0.5  and  0,6  per 
cent.  ;  saline  is  added  until  the  required  concentration  of  0.5  per 
cent,  is  reached.  Owing  to  its  instability  the  solution  must  not 
be  used  longer  than  three  days  after  preparation. 

While  20  c.cm.  of  this  HCIO  solution,  giviu*^  a  concen- 
tration of  about  1  in  1,100  in  the  blood  of  the  animal, 
were  generally  well  tolerated,  10  c.cm.  proved  to  be 
entirely  liarmless,  and  the  concentration  of  about  1  in  2,000 
that  resulted  appeared,  moreover,  to  be  near  the  limit  of 
efficiency ;  5  c.cm.  doses  (about  1  in  3,800)  seldom  led  to 
beneficial  results. 

Attention  may  be  drawn  to  the  fact  tliat  a  great  number 
of  toxins  of  bacterial  origin  are  considered  to  be  of  an 
albuminoid  nature  (Brieger  and  Fraenkel,^  Brieger  and 
Boer,^  Etienne  Burnet '") ;  it  is  possible,  therefore,  that 
hypochlorous  acid  may  neutralize  toxins  by  coagulating 
and  eventually  precipitating  them. 

The  following  tables  show  the  efficacy  of  10  c.cm.  doses 
of  the  HCIO  solution  in  certain  artificially  produced  infec- 
tions and  toxaemias. 


Table  I. — Diphtheria  Toxin. 


Rabbit. 


Dose  of 
Toxin  In- 
jected Sub- 
cutaneously 


Quantity  of  HCIO  Solution  In- 
jected lutravonovisly. 


1 
2 
3 

4 

5 

6 

Control 


lOL.D. 
lOL.D. 
10  L.D. 
10  L.D. 
10  L.D. 
10  L.D. 
10  L.D. 


Imme- 
diately 


10c. cm. 
10c. cm. 
10c. cm. 


After 
24  hrs. 


10c. cm. 
10c. cm. 
10c. cm. 
10c. cm. 
lOc.cm, 
10c. cm. 


After 
48  hrs. 


10  c.cm. 
10c. cm. 


After 
72  hrs. 


10c. cm 


Results. 


Animals 

reuiaiu 
liealthy. 


(After  5  days 
paralysis  of 
the  legs. 

Dead  after  less 
than  48  hours. 


Table  II. — Tetanus  Toxin. 


Dose  of 
Toxin  In- 
jected Sub- 
cutaneously 

Qiumtity  of  HCIO  Solution 
Injected  Intravenously. 

Results. 

Rabbit. 

After 
24  hrs. 

After         After 
48  hrs.    1    72  hrs. 

1 

1 

2 

3 

Control 

0.1  c.cm. 
0.1  c.cm. 
0.1  c.cm. 
0.1  c.cm. 

10  c.cm. 
10  c.cm. 
10  c.cm. 

10  c.cm. 
10  c.cm. 

10  c.cm. 

Tetanus. 
1  Healthy. 
Tetanus. 

Series  B. 

4 

0.25  c.cm. 

10  c.cm. 

10  c.cm 

5 

0.25  c.cm. 

10  c.cm. 

10  c.cm 

6 

0.25  c.cm. 

10  c.cm. 

10  c.cm 

itrol 

0  25  c.cm. 

. — 

— 

After      4  days 
tetanus ;  re- 
covered after 
I      10  days. 

Dead  after  4  days 


Series  C. 

7 

0.50  c.cm. 

10  c.cm. 

10  c.cm. 

10  c.cm. 

Dead  after  7  days. 

8 

0.50  c.cm. 

10  c.cm. 

10  c.cm. 

10  c.cm. 

Dead  after  11  days. 

9 

0.50  c.cm. 

10  c.cm. 

10  c.cm. 

10  c.cm. 

Dead  after  7  days. 

10 

0.50  c.cm. 

10  c.cm. 

10  c.cm. 

10  c.cm 

Healthy. 

11 

0.50  c.cm. 

10  c.cm. 

10  c.cm. 

10  c.cm. 

Dead  after  8  days, 

Control 

0  50  c.cm. 

— 

— 

— 

Dead  after  4  days. 

Table  III. — Staphylococcus  pyogenes  aureus. 


Rabbit. 

Number  of 

Micro- 

oi'ganisms 

Injected 

Intra- 
venously. 

Quantity  of  HCIO  Solution 
Injected  Intravenously. 

Imme- 
diately. 

After 
24  hrs. 

After 
48  hrs. 

Results. 

1 

2 

3 

Control 

50  million 

50 

50 

50 

10  c.cm. 
10  c.cm. 
10  c.cm. 

10  c.cm. 

10  c  cm 
10  c.cm. 

Animals 
\-  remain 
j  healthy. 

Dead  after  48  hrs. 

Series  B. 


4 
5 
6 
7 
8 
Control 


100  million 

100 

100 

100 

100 

100 


10  c.cm. 
10  c.cm. 
10  c.cm 
10  c.cm. 
10  c.cm. 


10  c.cm. 
10  c.cm. 
10  c.cm. 
10  c.cm. 
10  c.cm. 


Animals 
V  remain 
healthy. 

[Dead  after  10 

I    days. 

Dead  after  24  hrs. 


Table  IV. — Bacillus  perfrinoen». 


Rabbit. 

Number  of 

Micro- 
organisms 

Injected  Sub- 
cutaneoiisly. 

Quantity  of  HCiO  Solution 
Injected  Intravenously. 

After 
24  hrs. 

After         After 
48  hrs.       72  hrs. 

Results. 

1 
2 

3   • 
4 
5 
6 
Control 

50  uiillion 

50 

50 
100 
100 
100 
100 

10  c.cm. 
10  c.cm. 
10  c.cm. 
10  c.cm. 
10  o.cm. 
10  c.cm. 

10  c.cm. 
10  c.cm. 
10  c.cm. 

10  c.cm. 
10  c.cm. 
10  c.cm. 

1  Animals 
r  remain 
Ileal  thy. 

Dead     after    8 

days. 
Healthy. 

Healthy. 

Dead  after  48  hrs. 

Conclusions. 

It  has  been  found  tliat  in  rcibbit.s  10  com.  intravenous 
doses  of  a  0.5  per  cent.  HOlO  solution,  even  when  repeated 
on  two  or  three  days  in  succession,  produce  no  ill  effects, 
that  they  may  delay  or  prevent  the  onset  of  symptoms 
due  to  the  injection  of  the  animals  with  diphtheria  and 
tetanus  toxins,  and  with  cultures  of  Bacillus  perfrimjens 
2lw^  Staphylococcas  pyogenes  aureus,  the  rabbits  recovering 
from  the  infection  or  remaining  healthy. 

Hypochlorous  acid  intravenously  administered  is  there- 
fore to  be  regarded  as  of  therapeutic  value ;  the  antiseptic 
apparently  delays  the  development  of  bacteria  and  destroys 
their  toxins,  thus  enabling  the  natural  resistance  of  the 
animal  to  assert  itself. 

It  is  suggested  that  this  destruction  of  toxins  may  be  in 
the  nature  of  a  protein  coagulation. 
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THE   AUSTRALIAN   EPIDEMIC,    1914. 

By  a.   B.   green,   M.A.,  M.D.,   B.C.   (Cantab.). 

Bacteriologist-in-Charge,  Calf  Vaccine  Department, 
Lister  Institute  of  Preventive  Medicine. 

In  November,  1914,  the  Director  of  the  Lister  Institute  sent  me  a 
sealed  tube  containing  dried  crusts  or  scabs  which  were  stated  to  have 
been  removed  from  patients,  subjects  of  the  Australian  epidemic  earlier 
in  the  year.  Dr  Martin  requested  me  to  investigate  any  ascertainable 
facts  as  to  their  pathological  nature,  and  what  relation,  if  any,  they 
bore  to  vaccinia  on  the  one  hand  and  to  variola  on  the  other. 

The  clinical  aspect  of  the  epidemic  has  been  described  by  Dr 
Armstrong^,  while  certain  bacteriological  investigations  of  the  disease 
have  been  reported  by  Drs  J.  Burton-Cleland  and  E.  W.  Ferguson^. 

Although  the  majority  of  the  medical  authorities  in  Australia  are 
stated  to  have  regarded  the  epidemic  as  one  of  small-pox,  probably  of 
a  slight  nature,  doubt  appears  to  have  existed  in  the  minds  of  some  of 
the  observers  as  to  whether  this  was  actually  the  case,  and  the  present 
investigation  is  an  outcome  of  this  uncertainty. 

The  crusts  or  scabs  had  been  forwarded  to  England  in  cold  storage 
from  Australia,  and  there  were  in  all  some  40  gms.  of  them.  Throughout 
the  time  of  the  investigation  the  crusts  were  stored  in  a  desiccator  at  a 
temperature  of  about  4°  C,  small  quantities  being  removed  from  time 
to  time  for  use  as  required.  The  material  for  the  inoculation  of  animals 
was  invariably  composed  as  follows,  one  part  of  crusts  ground  up  in  a 
pestle  and  mortar  with  four  times  its  own  bulk  of  50  per  cent,  glycerine 
and  water,  the  mixture  being  made  immediately  before  use.  The 
variolar  material  used  as  a  control  was  from  a  case  of  confluent  small-pox 
in  a  man,  and  the  specific  activity  of  this  was  ascertained  by  inoculation 
on  monkeys;    it  was  strongly  active  throughout.     The  vaccine  lymph 

^  Proceedings  of  the  Royal  Society  of  Medicine,  Section  of  Epidemiology  and  State 
Medicine,  vol.  viii.  No.  2,  p.  1. 
2  Ibid.  p.  19. 
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used  as  another  control  was  seed-lymph  used  for  the  production  of 
lymph  at  these  laboratories  and  was  very  active,  as  shown  by  frecjuent 
inoculations  on  calves. 


I. 

The  first  series  of  animal  experiments  was  made  on  guinea-pigs,  in 
view  of  the  fact  that  some  observers  had  expressed  the  opinion  tliat  the 
Australian  disease  was  a  form  of  modified  small-pox ;  and  modification, 
if  sufficiently  extended,  might  give  the  material  a  vaccine  character. 
Drs  J.  Burton-Cleland  and  E.  W.  Ferguson  had  found  that  the  material 
which  they  employed  gave  typical  vaccine  vesicles  when  inoculated 
direct  on  bovines.  As  stated  in  a  previous  paper  on  vaccinia i,  if  a 
non-immune  buck  guinea-pig  be  vaccinated  on  the  scrotum,  vaccine 
vesicles  develop  with  great  facility  about  72  hours  later.  The  present 
experiments  were  made  in  a  place  remote  from  calf  vaccine  work,  and 
the  technique  was  arranged  to  prevent  any  infection  being  conveyed 
outside.  70  buck  guinea-pigs  were  inoculated  on  the  scrotum  with 
material  from  the  Australian  disease.  No  trace  either  of  vesiculation 
or  of  any  reaction  of  any  kind  was  subsequently  noted,  the  small  incisions 
healing  normally.  70  control  pigs,  inoculated  at  the  same  time  and 
in  the  same  manner  with  calf  vaccine,  developed  in  each  case  typical 
vaccine  vesicles  72  hours  later. 

This  failure  to  react  to  the  crusts  is  no  proof  that  the  cases  from  which 
the  crusts  were  taken  were  not  small-pox,  but  it  is  of  evidential  value 
in  tending  to  show  that  whatever  modification  the  disease  may  have 
undergone  from  ordinary  small-pox  in  its  transition  to  "mild"  small-pox 
(Armstrong,  Burton-Cleland,  Ferguson),  such  transition  had  not  carried 
it  to  vaccinia.  Subsequent  experiments  showed  that  the  failure  of  the 
material  to  react  was  not  due  to  loss  of  its  own  specific  activity. 

II. 

The  second  series  of  inoculations  was  made  on  calves.  The  experi- 
ments on  Calves  1-4  were  made  in  the  stables  where  routine  calf  vac- 
cination is  carried  out,  at  the  Lister  Institute.  Those  on  Calves  5  and 
6  were  made  in  a  place  remote  from  all  such  work,  and  the  technique 
was  arranged  to  obviate  the  possibility  of  any  infection  being  conveyed 
away  from  the  animals. 

1  Green.  Jmirnal  of  Hygiene,  1914. 
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Calf  1  (llcifoi).  (a,)  Was  inoculated  on  a  shaved  area  on  the 
abdomen  with  the  Australian  disease.  120  hours  later  there  were 
found  along  the  lines  of  inoculation  a  series  of  yellow  vesicles  about 
the  size  of  lentils ;  the  appearance  was  unlike  that  of  ordinary  vaccine 
vesicles,  being  much  smaller  and  more  discrete.  On  the  other  hand  their 
appearance  was  unlike  that  resulting  from  an  inoculation  of  small-pox 
material  direct  from  man  to  the  calf,  being,  from  my  experience,  too 
developed,  even  for  a  first  inoculation  positive  result. 

(b)  At  the  same  time  a  second  area  was  inoculated  with  calf  vaccine, 
and  120  hours  later  typical  vaccine  vesicles  had  developed  on  the  site, 
these  bearing  practically  no  resemblance  to  the  small  yellow  vesicles 
of  the  Australian  disease. 

Calf  2  (Bull),  (a)  Was  inoculated  on  the  shaved  scrotum  with  the 
Australian  disease.  120  hours  later  small  yellow  vesicles  had  developed 
as  in  the  case  of  Calf  1. 

(b)  At  the  same  time  an  area  on  the  abdomen  was  inoculated  with 
calf  vaccine,  and  120  hours  later  typical  vaccine  vesicles  of  first-class 
quality,  and  bearing  no  resemblance  to  the  vesicles  of  the  Australian 
disease,  had  developed  here.  The  results  on  this  calf  resembled  those 
on  Calf  1. 

Calf  3  (Heifer),  (a)  Was  inoculated  on  a  shaved  area  on  the  abdo- 
men with  vesicular  contents  removed  from  the  Australian  disease 
vesicles  of  Calf  1.  The  vesicular  material  had  been  removed  at  120 
hours  after  inoculation,  and  had  been  stored  for  two  weeks  at  4°  C. 
120  hours  later  the  result  on  this  site  w^as  nil. 

(b)  A  second  area  was  inoculated  with  similarly  stored  vesicular 
material  from  the  Australian  disease  vesicles  of  Calf  2.  120  hours  later 
vesicles  had  developed  at  the  site,  whose  appearance  was  somewhat 
suggestive,  but  not  convincing,  of  poor  class  vaccine  vesicles.  Passage 
through  three  subsequent  calves  failed  to  improve  the  quality  of  this 
vesicular  material,  i.e.  to  make  it  resemble  vaccinia  more  closely 
clinically. 

(c)  A  third  area  was  inoculated  with  vaccine  lymph  and  120  hours 
later  normal  vaccine  vesicles  of  good  class  had  developed.  \ 

Calf  4.  {a)  A  shaved  area  on  the  abdomen  was  inoculated  with 
the  stored  material  of  the  Australian  disease  vesicles  of  Calf  1.  120 
hours  later  the  result  was  nil. 

(b)  A  second  area  on  the  abdomen  was  inoculated  with  stored 
material  of  the  Australian  disease  vesicles  from  Calf  2.     120  hours 
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later  vesiculatiou  had  resulted,  the  vesicles  resembling  somewhat  poor 
class  vaccine  vesicles.  Passage  through  two  further  calves  failed  to 
improve  the  quality  of  the  vesicles. 

(c)  A  third  area  was  inoculated  with  vaccine  lymph  and  120  hours 
later  normal  vaccine  vesicles  of  good  class  had  developed. 

Calf  5.  Was  inoculated  with  vesicles  of  the  Australian  disease 
removed  from  Monkey  No.  2  {vide  series  of  monkey  experiments). 
Vesicles  resembling  moderately  fair  quality  vaccine  vesicles  had 
developed  120  hours  later. 

Calf  6.  Was  inoculated  with  the  Australian  disease  vesicles 
removed  from  Monkey  No.  4.  120  hours  later  vesicles  resembling 
vaccine  vesicles  of  moderately  fair  quality  had  developed. 

Calf  7.  (a)  A  shaved  area  on  the  abdomen  was  inoculated  with 
the  Australian  disease.  120  hours  later  there  was  a  distinct  reaction, 
with  small  paj)ules  and  vesicles  along  the  lines  of  inoculation,  the  result 
being  similar  to  that  of  Calf  1,  but  not  quite  so  marked.  Here  again 
the  result  was  not  typical  of  vaccinia,  and  it  was  too  marked  for  variola 
inoculation  direct  from  man. 

(6)  A  fortnight  later  a  second  shaved  area  on  the  abdomen  was 
inoculated  with: 

(1)  Variolous  material  direct  from  a  case  of  confluent  small-pox  in 
a  man.  120  hours  later  the  results  were  nil,  no  reaction  of  any  kind 
being  noticeable; 

(2)  Vaccine  lymph.  120  hours  later  typical  vaccine  vesicles,  but 
not  of  first-class  quality,  had  developed. 

Calf  8.     (a)    A  shaved  area  on  the  abdomen  was  inoculated  with : 

(1)  Vaccine.     120  hours  later  typical  vaccine  vesicles  had  developed. 

(2)  Variolous  material  from  man,  passed  once  through  a  monkey, 
on  which  it  had  given  marked  typical  vesiculatiou.  120  hours  later 
small  vesicles  had  developed,  not  typical  of  vaccinia  (but  not  so  well 
developed  as  those  of  Australian  disease) ;  they  approximated  more  to 
the  Australian  disease  vesicles  than  to  the  vaccinal  vesicles  however. 

(6)  A  fortnight  later  another  area  on  the  abdomen  was  shaved  and 
inoculated  with  Australian  crust  emulsion.  120  hours  later  there  was 
sUght  vesiculatiou  at  the  site  about  the  same  appearance  as  on  Calf  5, 
resulting  from  inoculation  with  Australian  disease. 

The  results  of  the  above  experiments  are  more  easily  seen  in  Table  I. 
There  are  thus,  with  regard  to  these  calf  experiments,  two  main 
questions  to  consider: 
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1.     The  likeness-relation  of  the  Australian  disease  to  Vaccinia  and 

to  Variola. 

The  most  prominent  fact  in  all  the  calf  experiments  was  that  the 
vesiculation  of  the  Australian  disease,  such  as  it  was,  was  not  generally 
typical  of  the  vaccinia  vesicles  on  the  same  calf,  nor,  I  may  be  allowed 
to  remark,  was  it  typical  of  any  vaccine  vesicles  that  I  remember  on 
any  calf.  After  passage  through  a  monkey,  however,  the  material 
gave  rise  to  vesicles  undistinguishable  from  those  of  moderately  fair 
vaccine  vesicles.  The  general  impression  arrived  at  was  that  the 
Australian  disease,  both  by  the  appearance  of  the  vesicles,  and  by 
their  time-development,  possessed  some  vaccino-variolal  relationship. 
Allowing  that  there  were  possibilities  of  such  a  relationship,  the 
Australian  disease  would  have  to  be  classed  as  distinct  on  the  one 
hand  from  vaccinia  in  its  lesser  ability  to  produce  typical  vaccinal 
vesiculation,  though  it  approximated  more  closely  after  passage  through 
a  monkey;  and  on  the  other  hand  from  variola,  for  without  doubt  it 
possessed  a  greater  facility  for  vesiculating  on  a  calf  than  did  the 
variola  in  the  above  experiments. 

In  the  foregoing  experiments  the  vesicle-likeness  was  consistent, 
but  it  differed  widely  from  the  vesicle-likeness  reported  in  the  experi- 
ments by  Drs  Burton-Cleland  and  Ferguson.  In  the  experiments  by 
these  observers  there  was  a  tendency  for  vesicles  to  develop  very  freely 
at  any  time,  even  in  the  case  of  repeated  re-vaccinations  at  short 
intervals. 

2.     The  immunity -relation  of  the  Australian  disease  to  Vaccinia 

and  to  Variola. 

There  are  only  two  sets  of  data  from  which  to  draw  deductions, 
Exps.  7  and  8  in  Table  I.  This  scarcity  is  due  to  two  causes :  {a)  the 
comparative  difficulty  of  obtaining  calves  at  the  present  time,  and 
maintaining  them  for  a  period  necessary  for  the  development  of  possible 
immunity  and  obtaining  re- vaccination  results ;  (6)  the  inferiority  of 
the  results  obtained  from  inoculating  calves  with  the  Australian  disease, 
and  incidentally  with  variola — even  when  this  had  been  passed  through 
a  monkey. 

Taking  these  two  sets  of  data  for  what  they  are  worth,  however,  it 
appeared  that  successful  vaccination  with  variola  and  vaccinia  afforded 
no  protection  against  subsequent  inoculation  with  Australian  disease, 
and  the  Australian  disease  gave  no  protection  against  vaccinia.     The 
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failure  of  variola  to  "take"  on  Calf  5  ia  of  no  account,  as  variolous 
material  inoculated  on  the  calf  direct  from  man  [i.e.  not  passed  throu«,di 
a  monkey)  rarely  gives  detinite  vesituhition. 

TABLE    I. 

Calf  Experiments. 


Calf  JSo. 

Vaccination 

Hesuit 

Vaccination 

He 

1. 

A 
L 

+ 
+ 

+ 
+ 

2. 

A 
L 

+ 
+ 

+ 

+ 

3. 

A  (from  Calf  1) 

L  (from  Calf  2) 

L 

+ 
+ 

+ 

+ 

4. 

A  (from  Calf  1) 

A  (from  Calf  2) 

L 

+ 
+ 
+ 

+ 

5. 

A 

(from  Monkey  No.  2) 

+ 
+ 
+ 
+ 

6. 

A 
(from  Monkey  No.  4) 

+ 
+ 
+ 

7. 

A 

+ 

V 
L 

+ 
+ 
+ 
+ 

8. 


+ 
+ 
+ 

+ 

4- 


( Passed   once   through 
monkey) 

A  =  Australian  disease,  L  =  Calf  lymph,    V  =  Variola. 
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These  two  results,  showing  no  protection,  are  in  accord  with  the 
majority  of  the  results  of  the  calf  experiments  of  01  eland  and  Ferguson. 
The  accompanying  Table  II  has  been  compiled  for  the  sake  of  easier 
reference  from  the  paper  of  Cleland  and  Ferguson',  which  should  of 
course  be  consulted  for  full  information. 

It  will  be  seen  that  in  three  instances  vaccination  gave  a  positive 
result    following    repeated    successful    reactions    with    the    Australian 

TABLE   II. 

Cleland  and  Ferguson^s  Calf  Experiments. 

Calf  4  (lays  4tli  4th  4tli  4th  4th 

No.         2/11        later       21/10      day?        7/11        clay?      24/11      day?       11/12      day?       30/12      day? 

1.  A+^L  +         A  +         A-A  +  L  + 

+ 
+ 

16/10  7/11  24/11  11/12  30/12 

2.  A         +         A         +         A-A         +         L         + 

+  +  + 

7/11  24/11  11/12  30/12 

3.  A         +         A         +         A         +         L         + 

+ 

+ 

11/12  30/12 

4:.  A  +  L  - 

+ 

+ 

24/11  17/12  9/1 

5.  L         +         L  -         A  + 

+ 
+ 
15/1 

6.  ^  + 

+ 
+ 

15/11  22/1    9  days 

later 

Monkey  Experiments. 

1.  A        +        L        -  ? 

22/1   9  days 
later 

2.  L  ? 

^=  Australian  disease,  L=caM  lymph. 

*  Proceedings  of  the  Royal  Society  of  Medicine,  Section  of  Epidemiology  and  State 
Medicine,  Vol.  viii.  No.  2,  p.  1. 
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disease,  and  only  one  case  a  negative.  In  one  case,  (.'alf  5,  the  authors 
obtained  a  positive  result  of  Australian  inoculation  following  successful 
vaccination,  i.e.  complete  protection  was  afforded  only  in  25  per  cent, 
of  the  cases.  In  view  of  this  fact  it  is  difficult  to  understand  Cleland 
and  Ferguson's  claim — ''This  inoculated  disease  and  vaccinia  are 
mutually  more  or  less  completely  protective  against  each  other  provided 
sufficient  area  is  inoculated."  It  would  seem,  indeed,  that  the  number 
of  Cleland  and  Ferguson's  experiments  is  far  too  small  to  permit  of  the 
attempt  to  select  one  of  the  live  (the  sixth  was  not,  of  course,  a  cross 
immunity  experiment  at  all)  as  establishing  a  law.  The  only  deduction 
that  it  would  seem  safe  to  draw  is  the  obvious  one  before  mentioned, 
that  75  per  cent,  of  the  cases  of  inoculated  Australian  disease  failed  to 
protect  against  subsequent  vaccination. 

As  before  stated,  the  results  of  the  experiments  on  calves  in  the 
present  series  of  experiments  were  not  such  as  to  allow  one  to  place 
much  reliance  on  them  in  any  way,  and  for  this  reason  the  series  of 
experiments  was  not  extended,  extension  preferably  being  made  with 
monkey  experiments,  which  gave  very  much  better  inoculation  results. 


III. 

The  third  series  of  experiments  was  made  on  rhoesus  and  bonnet 
monkeys.  The  work  was  done  in  a  place  remote  from  all  calf  vaccine 
work,  in  order  that  no  question  of  any  accidental  inoculation  could 
arise,  and  under  conditions  of  strict  isolation  to  prevent  the  possibility 
of  any  infection  being  conveyed  away  from  the  monkeys.  Each  animal 
during  the  experimental  period  was  kept  in  a  separate  cage  by  itself. 
Each  animal  was  inoculated  on  an  area  of  shaved  skin  over  the  scapulae, 
in  order  to  reduce  to  a  minimum  the  prospect  of  the  results  being  spoilt 
by  scratching.  Each  shaved  area  was  about  G  square  cm.,  and  two 
linear  incisions  were  made  close  together,  allowing  sufficient  room  for 
subsequent  inoculations. 

Monkey  1.     Inoculation.     1.  xii.  14.     Vaccinia. 

Result.     Typical  vaccination  vesicles  of  rather  poor  quality. 

Inoculation.     12.  i.  15.     Australian  disease. 

Result.  Definite  vesiculation  undistinguishable  from  results  of  calf 
vaccine  of  poor  quality. 

Conclusion.  Here  a  successful  vaccination  with  vaccinia  afforded  no 
protection  against  the  subsequent  inoculation  of  Australian  disease. 
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Monkey  2.     Inoculation.     1.  xii.  14.     Australian  disease. 

Result.  Well  developed  vesicles,  resembling  typical  vaccine  vesicles 
of  good  quality.  Subsequent  inoculation  on  Calf  5  gave  vesiculation 
resembling  that  of  calf  vaccine. 

Inoculation.     12.  i.  15.     Vaccinia. 

Result.     19.  i.  15.     Full  well  developed  vesicles  of  "good"  quality. 

Inoculation.  9.  ii.  15.  On  one  area  vaccinia,  and  on  another 
Australian  disease. 

Result.     16.  ii.  15.     Nil  in  each  case. 

Conclusion.  This  experiment  suggested  that  while  Australian 
disease  failed  to  protect  against  vaccinia,  the  original  inoculations  of 
vaccine  and  Australian  disease  afforded  protection  against  subsequent 
inoculation  of  the  virus  of  these  diseases — lymph  against  lymph  and 
Australian  disease  against  Australian  disease. 

Monkey  3.     Inoculation.     1.  xii.  14.     Australian  disease. 

Result.  8.  xii.  14.  Definite  vesiculation,  but  tendency  for  discrete 
vesiculation  to  form  along  the  lines  of  incision  and  for  vesicles  to  be 
irregular. 

Inoculation.     12.  i.  15.     Vaccinia. 

Result.  19.  i.  15.  Typical  vesiculation  with  tendency  to  irregu- 
larity. 

Conclusion.  There  was  manifestly  no  protection  afforded  here  by 
the  Australian  disease  against  vaccinia. 

Monkey  4.     Inoculation.     8.  xii.  14.     Australian  disease. 

Result.  15.  xii.  14.  Well  developed  vesicles  undistinguishable 
from  vaccine  vesicles  of  good  quality.  This  vesicular  material  inoculated 
on  Calf  6  gave  vesicles  resembling  vaccine  vesicles  of  fair  quality. 

Inoculation.     12.  i.   15.     Vaccinia. 

Result.     19.  i.   15.     Typical  vesiculation  of  good  quality. 

Inoculation.  9.  ii.  15.  Australian  disease  on  one  area,  vaccinia  on 
another. 

Result.     16.  ii.  15.     Nil  in  each  case. 

Conclusion.  The  experiment  would  appear  to  indicate  that 
Australian  disease  failed  to  protect  against  subsequent  vaccinia,  but 
that  these  two  diseases  protected  against  a  further  subsequent  double 
inoculation  on  separate  areas  of  the  same  diseases. 

Monkey  5.     Inoculation.     9.  ii.  15.     Australian  disease. 
Result.     16.  ii.  15.     Rather  poor  vesiculation. 
Inoculation.     2.  iii.  15.     Variola. 
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Result.     9.  iii.  15.     Nil. 

Conclusion.     Australian  disease  possibly  protected  against  variola. 

Monkey  G.     Inoculation.     9.  ii.   15.     Australian  disease. 
Result.     10.  ii.  15.     Clood  vesiculation. 

Inoculation.     2.  iii.  15.     Vaccinia  on  one  area,  variola  on  the  other. 
Result.     9.  iii.  15.     Vaccinia  doubtful,  variola  good  vesiculation. 
Conclusion.     Australian  disease  did  not  protect  against  variola,  and 
probably  not  against  vaccinia. 

Monkey  7.     Inoculation.     9.  ii.  15.     Vaccinia. 
Result.     16.  ii.  15.     Good  vesiculation. 

Inoculation.     2.  iii.  15.     Vaccinia  on  one  area,  variola  on  another. 
Result.     9.  iii.  15.     Vaccinia  nil,  variola  nil. 
Inoculation.     23.  iii.  15.     Australian  disease. 
Result.     30.  iii.  15.     Slight  papulation. 

Conclusion.  Vaccinia  protected  against  vaccinia  and  variola,  but 
not  against  Australian  disease. 

Monkey  8.     Died  before  any  cross  immunisation  could  be  attempted. 

Monkey  9.     Died  before  any  cross  immunisation  could  be  attempted. 

Monkey  10.     Inoculation.     9.  ii.  15.     Variola. 

Result.     16.  ii.  15.     Fairly  good  vesiculation. 

Inoculation.  2.  iii.  15.  Australian  disease  on  one  area,  vaccinia 
on  another. 

Result.     9.  iii.  15.     Australian  disease  good  vesiculation,  vaccinia  nil. 

Concl'Usio7i.  Variola  protected  against  vaccinia,  but  not  against 
Australian  disease. 

Monkey  11.     Inoculation.     16.  ii.  15.     Variola. 

Result.     23.  ii.  15.     Fair  vesiculation. 

Inoculation.  2.  iii.  15.  Australian  disease  on  one  area,  vaccinia 
on  another. 

Result.  9.  iii.  15.  Australian  disease  definite  but  slight  vesicula- 
tion, vaccinia  nil. 

Conclusion.  Variola  protected  against  vaccinia,  but  not  against 
Australian  disease,  or  only  to  a  very  moderate  degree. 

Monkey   12.     Inoculation.     23.  ii.  15.     Mixed  aerobic  and  anae- 
robic growth,  cocci  in  broth,  cultivated  from  Australian  disease  crusts. 
Result.     2.  iii.  15.     Nil. 
Inoculation.     2.  iii.  15.     Australian  disease. 
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Result.     9.  iii.  15.     Definite  vesiculation. 

Inoculation.     23.  iii.  15.     Vaccinia  on  one  area,  variola  on  another. 

Result.     30.  iii.  15.     Vaccinia  fair  vesiculation,  variola  nil. 

Conclusion.  (1)  Cocci  cultivated  from  crusts  not  pathogenic. 
(2)  Australian  disease  did  not  protect  against  vaccinia,  but  may  have 
protected  against  variola. 

Monkey  13.  Inoculation.  2.  iii.  15.  Vaccinia  on  one  area,  variola 
on  another. 

Result.  9.  iii.  15.  Vaccinia  fair  vesiculation,  variola  strongly 
marked  vesiculation. 

Inoculation.     23.  iii.  15.     Australian  disease. 

Result.     30.  iii.  15.     Fair  vesiculation. 

Conclusion.  Vaccinia  and  variola  have  not  protected  against 
Australian  disease. 

Monkey  14.  Inoculation.  2.  iii.  15.  Australian  disease  on  one 
area,  variola  on  another. 

Result.  9.  iii.  15.  Australian  disease  fair  vesiculation,  variola 
poor  vesiculation. 

Inoculation.     23.  iii.  15.     Vaccinia. 

Result.     30.  iii.  15.     Good  vesiculation. 

Conclusion.  Australian  disease  does  not  protect  against  vaccinia, 
but  neither  did  variola  protect  against  vaccinia ;  it  must  be  noted  that 
the  variola  gave  poor  result. 

Monkey  15.     Inoculation.     10.  iii.  15.     Variola. 

Result.     17.  iii.  15.     Good  vesiculation. 

Inoculation.  23.  iii.  15.  Australian  disease  on  one  area,  vaccinia 
on  another. 

Result.     30.  iii.  15.     Australian  disease  fair  vesiculation,  vaccinia  nil. 

Conclusion.  Variola  protected  against  vaccinia,  but  not  against 
Australian  disease. 

Monkey  16.     Inoculation.     10.  iii.  15.     Variola. 

Result.     17.  iii.  15.     Very  marked  vesiculation. 

Inoculation.  23.  iii.  15.  Australian  disease  on  one  area,  vaccinia 
on  another. 

Result.  30.  iii.  15.  Australian  disease  nil,  vaccinia  poor  vesicula- 
tion. 

Conclusion.  Variola  protected  against  Australian  disease,  and  not 
against  vaccinia,  or  only  very  slightly. 
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Monkey  17.     Inoculation.     10.  iii.  15.     Variola. 

Reault.     17.  iii.  15.     Katlier  poor  vesiculation. 

Inoculation.  23.  iii.  15.  Australian  disease  on  one  area,  vaccinia 
on  another. 

Result.    30.  iii.  15.    Australian  disease  nil,  vaccinia  poor  vesiculation. 

Conclusion.  Variola  protected  against  Australian  disease,  but  not 
against  vaccinia,  or  only  partially. 

Monkey  18.     Inoculation.     10.  iii.  15.     Australian  disease. 

Result.     17.  iii.  15.     Vesiculation. 

Inoculation.     23.  iii.  15.     Vaccine  on  one  area,  variola  on  another. 

Result.  30.  iii.  15.  Vaccine  first-class  vesicles,  variola  fairly  good 
vesicles. 

Conclusion.  Australian  disease  gave  no  protection  against  vaccine 
or  variola. 

Monkey  19.     Inoculation.     10.  iii.  15.     Australian  disease. 
Result.     17.  iii.  15.     Vesiculation  fair. 

Inoculation.     23.  iii.  15.     Vaccinia  on  one  area,  variola  on  another. 
Result.     30.  iii.  15.     Poor  vesiculation  in  each  case. 
Conclusion.     Australian    disease    afforded    no    protection    against 
vaccinia  or  variola,  or  only  partial  protection. 

Monkey  20.     Inoculation.     10.  iii.  15.     Australian  disease. 
Result.     17.  iii.  15.     Vesiculation. 

Inoculation.     23.  iii.  15.     Vaccinia  on  one  area,  variola  on  another. 
Result.     30.  iii.  15.     Vaccinia  good  vesicles,  variola  very  good. 
Conclusion.     Australian  disease  had  afforded  no  protection  against 
vaccinia  or  variola. 

Monkey"  21.     Inoculation.     10.  iii.  15.     Vaccinia. 

Result.     17.  iii.  15.     Fair  vesiculation. 

Inoculation.  23.  iii.  15.  Australian  disease  on  one  area,  variola 
on  another. 

Result.     30.  iii.  15.     Australian  vesiculation  good,  variola  nil. 

Conclusion.  Vaccinia  afforded  protection  against  variola,  but  not 
against  Australian  disease. 

Monkey"  22.     Inoculation.     10.  iii.  15.     Vaccinia. 
Result.     17.  iii.  15.     Fair  vesiculation. 

Inoculation.  23.  iii.  15.  Australian  disease  on  one  area,  variola 
on  another. 

Result.     30.  iii.  15.     Australian  disease  nil,  variola  nil. 
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Conclusion.  Vaccinia  protected  against  variola,  and  may  have 
protected  against  Australian  disease ;  at  any  rate  the  Australian  disease 
failed  to  develop  after  previous  successful  vaccination. 

The  foregoing  results  have  been  condensed  and  tabulated  in  Table  III. 


TABLE 

III. 

Monkey 

Inoculation 

Inoculation 

Inoculation 

No. 

and  Date 

Result 

anrl  Date 

Result 

and  Date 

Result 

1/12/14 

8/12/14 

12/1/15 

19/1/15 

1. 

L 

+ 

A 

+ 
Died 

1/12/14 

8/12/14 
+ 

12/1/15 

19/1/15 

+ 

9/2/15 

16/2/15 

2. 

A 

+ 
+ 

L 

+ 
+ 

L  \  A 

Died 

1/12/14 

8/12/14 

12/1/15 

19/1/15 

3. 

A 

+ 

+ 

L 

+ 

+ 

Died 

8/12/14 

15/12/14 

+ 

12/1/15 

19/1/15 

+ 

9/2/15 

16/2/15 

4. 

A 

+ 
+ 

L 

+ 
+ 

L  I  A 

~    '    "~ 

9/2/15 

16/2/15 

2/3/15 

9/3/15 

5. 

A 

+ 

V 

- 

9/2/15 

16/2/15 

2/3/15 

9/3/15 

6. 

A 

+ 
+ 

V  :  L 

+   :   ? 

9/2/15 

16/2/15 

+ 
+ 

2/3/15 

9/3/15 

23/3/15 

30/3/15 

7. 

L 

V  l  L 

—    :    — 

A 

+ 

+ 

• 

9/2/15 

16/2/15 

8. 

L 

9/2/15 

+ 
Died 

16/2/15 

9. 

V 

+ 
Died 

9/2/15 

16/2/15 

2/3/15 

9/3/15 

10. 

V 

+ 

+ 

A  :  L 

+    :    - 

16/2/15 

23/2/15 

2/3/15 

9/3/15 

11. 

V 

+ 

A  :  L 

+   :    - 

23/2/15 

2/3/15 

2/3/15 

9/3/15 

23/3/15 

30/3/15 

12. 

Cocci  from  A 

- 

A 

+ 

L  :   V 

+   :    - 

2/3/15 

9/3/15 

23/3/15 

30/3/15 

13. 

L  :   V 

+   :    + 

A 

+ 

2/3/15 

9/3/15 

23/3/15 

30/3/15 

4- 

14. 

A  :   F 

+   :    + 

L 

1 

+ 
+ 

10/3/15 

17/3/15 

23/3/15 

30/3/15 

15. 

V 

+ 
+ 

A  :  L 

+   :    - 
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donkey 
No. 

luoculatiou 
and  Oate 

Ue«ult 

Inociilatiuu 
and  Date 

UuHUlt 

10/3/15 

17/3/15 

+ 
+ 

23/3/15 

30/3/15 

16. 

V 

A   \  L 

-  i  + 

+ 

• 

\ 

+ 

: 

'. 

17 

10/3/15 
V 

17/3/15 

+ 

23/3/15 
A  \  L 

30/3/15 

-   :    + 

10/3/15 

17/3/15 

23/3/15 

30/3/15 

1         ■ 

18. 

A 

+ 

L  \   V 

+   : 

+    :    + 
+   :   + 

+   i 

19. 

10/3/15 
A 

17/3/15 

+ 

23/3/15 
L  \   V 

30/3/15 

+   :   + 

10/3/15 

17/3/15 

23/3/15 

30/3/15 

•     i_ 

20. 

A 

+ 

L  :   V 

+   :    + 
+   :    + 

1    4- 

21. 

10/3/15 
L 

17/3/15 

+ 

23/3/15 
.4   :    V 

^30/3/ 15 

+   :    - 

22. 

10/3/15 
L 

17/3/15 

+ 

23/3/15 
.4   :    V 

30/3/15 

F  =  variola,  L^caM  iyini)h,  J  -Australian  disease. 

As  in  the  case  of  the  calf  experiments  it  will  be  convenient  to  con- 
sider this  series  of  monkey  experiments  in  two  main  aspects. 

1.     The  likeness-relation  of  the  Australian  disease  to  Vaccinia 

and  to  Variola. 

In  this  series  (as  has  been  previously  remarked  in  the  general  state- 
ment) there  is  little  or  none  of  the  ambiguity  attaching  to  the  question 
that  appeared  in  the  case  of  the  calf  experiments.  Without  exception 
the  Australian  disease  vesicles  resembled  typical  vaccine  vesicles  so 
closely  that  it  was  impossible  to  distinguish  one  condition  from  the 
other.  In  time-relation  too  the  two  appeared  identical,  there  was 
indeed  no  apparent  clinical  distinction. 

2.     The  i^nmunity -relation  of  the  Australian  disease  to  Vaccinia 

and  to  Variola. 

For  the  clearer  consideration  of  this  problem  the  experiments  have 
been  divided  into  sub-series  in  the  following  four  tables  (Tables  IV,  V, 
VI  and  VII). 

In  the  first  sub-series  (Table  IV).  Those  experiments  have  been 
collected  in  which  monkeys  were  in  the  first  place  inoculated  with 
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TABLE 

IV. 

(Sub-series  1.) 

onkey 

Tiioculation 

Inoculation 

Inoculation 

No. 

and  |)!itt! 

Result 

and  Date 

Result 

and  Date 

Result 

1/12/14 

8/12/14 

12/1/15 

19/1/15 

9/2/15 

16/2/15 

+ 

+ 

2. 

A 

+ 

L 

+ 

L 

A 

- 

- 

+ 

+ 

Died 

1/12/14 

8/12/14 

+ 

12/1/15 

9/2/15 
+ 

3. 

A 

+ 

L 

+ 
Died 

8/12/14 

15/12/14 

12/1/15 

19/1/15 

9/2/15 

16/2/15 

+ 

+ 

, 

4. 

A 

+ 
+ 

L 

+ 
+ 

L 

A 

9/2/15 

16/2/15 

2/3/15 

9/3/15 

5. 

A 

+ 

V 

- 

9/2/15 

16/2/15 

2/3/15 

9/3/15 

6. 

A 

+ 
+ 

L  I   V 

+    :    + 

10/3/15 

17/3/15 

23/3/15 

30/3/15 

4-       • 

18. 

A 

+ 

L  :   V 

1 

+  :  + 

+    :    + 
+   : 

10/3/15 

17/3/15 

23/3/15 

30/3/15 

19. 

A 

+ 

L  :   V 

+    ':    + 

10/3/15 

17/3/15 

23/3/15 

30/3/15 

I       4- 

20. 

A 

+ 

L  :   V 

+    :    + 
+    :    + 

i    + 

V  = 

=  variola,  L  = 

=  calf  lymph, 

^=  Australian  disease. 

TABLE 

V. 

(Sub-series  2.) 

lonkey 

Inoculation 

Inoculation 

Inoculation 

No. 

and  Date 

Result 

and  Date 

Result 

and  Date 

Result 

1/12/14 

8/12/14 

12/1/15 

19/1/15 

1. 

L 

+ 

A 

+ 
Died 

9/2/15 

16/2/15 
+ 
+ 

2/3/15 

9/3/15 

23/3/15 

30/3/15 

7. 

L 

L  i   V 

—    :    — 

A 

+ 

+ 

10/3/15 

+ 
17/3/15 

23/3/15 

30/3/15 

21. 

L 

+ 
+ 

A  :   V 

+    :    - 

10/3/15 

17/3/15 

23/3/15 

30/3/15 

22. 

L 

+ 

A  ':   V 

-   I    - 

+ 

^  =  Australian  disease,   F  =  variola,  iy  =  calf  lymph. 
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^=Australuxn  disease,   F  =  variola,  L=calf  lymph. 

Australian  disease  and  subsequently  with  vaccinia  and  variola — one 
after  the  other,  or  simultaneously. 

In  the  second  sub-series  (Table  V).  Those  experiments  have  been 
collected  in  which  monkeys  w^ere  in  the  first  place  inoculated  with 
vaccinia,  and  subsequently  with  Australian  disease  and  variola- — one 
after  the  other,  or  simultaneously. 

hi  the  third  sub-series  (Table  VI).  Those  experiments  have  been 
collected  in  which  monkeys  were  in  the  first  place  inoculated  with 
variola,  and  subsequently  with  Australian  disease  and  vaccinia — in  every 
case  simultaneously. 


TABLE   VI. 

(Sub-series 

3.) 

Moukey  No. 

liHx-ulatiun 
and  Date 

Result 

Inoculation 
and  Date 

Result 

10. 

9/2/15 
V 

16/2/15 

+ 
+ 

2/3/15 
A  I  L 

9/3/15 

+    :    - 

11. 

16/2/15 
V 

23/2/15 

+ 

+ 

2/3/15 
A  :  L 

9/3/15 

+   :    - 

15. 

10/3/15 
V 

17/3/15 

+ 
+ 

23/3/15 
A  :  L 

30/.3/16 

+   :    - 

10/3/15 

17/3/15 

+ 
+ 
+ 
+ 

23/3/15 

30/3/15 

16 

V 

A  :  L 

-    :    + 

17. 

10/3/15 
V 

17/3/15 

+ 

23/3/15 
A  :  L 

30/3/15 

-    i    + 

A  =  Australian 

disease,   V  =  vai 

•oia. 

L=calf  lympli. 

TABLE  VIL 

(Sub-series 

i) 

Monkey  No. 

Inoculation 
and  Date 

Result 

Inoculation 
and  Date 

Result 

12. 

2/3/15 
A  :  L 

9/3/15 

+   :    + 
i    + 

23/3/15 
V 

30/3/15 

13. 

2/3/15 
L  \   V 

9/3/15 

+   :    -^ 

+   :   + 

i   + 

23/3/15 
A 

30/3/15 

+ 
+ 

14. 

2/3;/15 
A  :   V 

9/3/15 

+   i 
+   :    + 

23/3/15 
L 

30/3/15 

+ 
+ 
+ 
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In  the  fourth  sub-series  (Table  VII).  Those  experiments,  only  three 
in  number,  have  been  collected  which  do  not  conform  with  those  of  the 
previous  groups,  and  consist  of  initial  double  inoculations,  with  subse- 
quent cross  immunisation  inoculations,  as  shown  m  the  Table. 

In  sub-series  1.  The  eight  initial  inoculations  of  Australian  disease, 
as  shown  in  Table  IV,  were  all  successful  in  yielding  vesicles,  and  some 
of  the  vesicles  were  of  noticeably  good  quality,  and  well  developed. 
Of  these  there  were  three  cases  of  subsequent  inoculation  with  vaccinia 
alone  which  all  yielded  vesicles,  one  case  of  subsequent  inoculation 
with  variola,  which  gave  no  reaction,  and  four  cases  of  subsequent 
inoculation  with  vaccinia  and  variola  simultaneously,  which  all  gave 
definite  typical  vesiculation.  In  the  whole  eight  cases  therefore  of 
this  sub-series  there  was  only  one  case  (Monkey  5)  to  suggest  that  Aus- 
tralian disease  afforded  protection  against  vaccinia  or  variola.  On  the 
other  hand  the  remaining  seven  cases  indicate  that  no  protection 
whatever  had  been  afforded  by  Australian  disease  against  subsequent 
vaccinia  or  variola.  It  only  seems  possible  therefore  to  state  that  the 
percentage  of  immunity  afforded  by  Australian  disease  in  this  sub- 
section was  nil  or  very  small. 

That  these  animals  were  capable  of  developing  immunity  is  shown 
in  the  cases  of  Monkeys  2  and  4,  where  re-inoculations  of  Australian 
disease  and  vaccinia  respectively  gave  negative  results. 

In  sub-series  2  {Table  F).  Consisting  of  four  experiments,  all  initial 
inoculations  with  vaccinia  gave  typical  vesiculation.  All  four  animals 
were  subsequently  inoculated  with  Australian  disease,  and  in  three 
instances  this  was  followed  by  vesiculation  typical  of  vaccinia  vesicles ; 
the  remaining  one  failed  to  react — a  result  of  75  per  cent,  against, 
and  25  per  cent,  for  protection. 

In  sub-series  3  (Table  VI).  The  five  monkeys  were  all  primarily 
inoculated  with  variola  and  gave  vesiculation  undistinguishable  from 
the  vesicles  of  vaccinia  and  Australian  disease.  Each  case  was  sub- 
sequently inoculated  with  Australian  disease  and  vaccinia  simultane- 
ously ;  in  three  cases  the  Australian  inoculation  was  followed  by  typical 
vesiculation  and  in  two  cases  by  no  reaction,  indicative  of  conferred 
immunity  in  40  per  cent,  and  absence  of  conferred  immunity  in  60  per 
cent.  If  we  take  the  cases  of  sub-series  2  and  3  together,  vaccinia  or 
variola  may  have  conferred  immunity  in  33-3  per  cent,  cases,  and  did  not 
confer  it  in  66-6  per  cent.  It  must  be  noted  however,  that  in  sub-series  3 
the  possible  protection  afforded  against  Australian  disease  occurred  in  the 
same  percentage  as  the  protection  afforded  by  variola  against  vaccinia. 
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In  sub-series  4  [Table  VII).  In  Monkey  No.  12,  Australian  disease 
oi'  vaccinia  protected  against  subsequent  inoculations  with  variola ; 
in  Monkey  No.  13,  vaccinia  and  variola  failed  to  protect  against 
Australian  disease;  and  in  Monkey  No.  11  Australian  disease  and 
variola  failed  to  protect  against  vaccinia. 

Taking  the  four  sub-series  as  a  whole,  evidence  as  to  the  ability  of 
Australian  disease  to  protect  against  vaccinia  or  variola  was  small  or 
absent,  but  vaccinia  or  variola  possibly  protected  against  Australian 
disease  in  30  per  cent,  of  the  cases;  vaccinia  protected  against  variola 
in  100  per  cent,  of  the  cases,  and  variola  protected  against  vaccinia  in 
50  per  cent,  of  the  cases. 

In  comparing  the  foregoing  percentage  of  vaccinia  and  variola 
protection  one  against  the  other,  it  is  important  to  remember  that  the 
variola  was  inoculated  experimentally,  i.e.  the  infective  material  gained 
both  a  more  intimate  contact  with  the  tissues  than  would  be  the  case 
in  usual  variola  infection,  and  w^as  applied  in  much  larger  doses.  The 
same  point  must  be  noted  in  connection  with  the  Australian  disease, 
and  the  fact  that  protection  was  atl'orded  against  variola  and  not 
against  iVustralian  disease,  has  the  more  significance,  inasmuch  as  it 
occurred  under  this  more  stringent  application  of  infection. 

It  may  be  noted  in  the  foregoing  text  that  when  vaccinia  or  variola 
has  failed  to  develop  after  previous  successful  inoculation  with  Austra- 
lian disease  the  fact  has  been  stated  as  such  ;  but  when  variola  has  failed 
to  develop  after  previous  successful  vaccination  it  is  definitely  assumed 
that  this  is  in  consequence  of  the  vaccination.  This  variation  of 
expression  is  owing  to  the  circumstance  that  it  is  an  accepted  fact  that 
vaccinia  protected  against  variola,  but  it  is  not  yet  an  accepted  fact  that 
Australian  disease  protects  against  vaccinia  or  variola. 

Briefly  stated,  the  conclusions  to  be  drawai  from  the  foregoing  experi- 
ments as  a  whole  are  that,  clinically,  the  Australian  disease: 

1.  Bears  no  likeness-relation  to  vaccinia  in  guinea-pigs,  possibly 
some  slight  likeness-relation  to  vaccinia  in  calves,  also  to  variola  in 
calves  when  the  variola  has  been  passed  through  a  monkey ;  this 
relationship  would  seem  to  be  an  intermediate  one,  between  vaccinia 
on  one  hand  and  variola  on  the  other.  In  monkeys  Australian  disease 
is  practically  undistinguishable  from  vaccinia  or  variola. 

2.  From  the  monkey  experiments,  w^hich  afford  the  only  evidence 
of  value  in  this  respect,  the  Australian  disease  bears  a  slighter  immunity 
relationship  to  vaccinia  and  to  variola  than  either  vaccinia  or  variola 
bear  to  each  other,  and   this   in   spite   of  the  fact   that  the  clinica 
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relationship  of  the  Australian  disease  shows  certain  definite  signs  of 
being  intermediate  between  vaccinia  on  the  one  hand  and  variola  on 
the  other. 

Summary. 

(1)  Inoculation  of  pathologically  active  crusts  on  guinea-pigs  caused 
no  reaction,  and  in  this  respect  a  marked  difference  was  demonstrated 
clinically  between  the  disease  of  which  the  crusts  were  a  product,  and 
vaccinia. 

(2)  On  calves  the  disease  tended  to  show  some  vaccino-variolal 
relationship,  from  the  appearance  of  its  vesicles,  but  it  appeared  to  be 
distinct  on  the  one  hand  from  vaccinia,  and  from  variola  on  the  other. 

(3)  Calf  experiments,  two  only  in  number,  suggested  that  vaccinia 
and  variola  failed  to  protect  against  Australian  disease,  and  that 
Australian  disease  failed  to  protect  against  vaccinia  or  variola. 

(4)  On  monkeys  the  vesicles  of  Australian  disease  were  undis- 
tinguishable  in  appearance  from  those  of  vaccinia  or  variola,  but  the 
evidence  for  immunity  relationship  between  Australian  disease  and 
vaccinia  and  variola  was  of  the  slightest ;  Australian  disease  affording 
no  protection  against  vaccinia  or  variola,  vaccinia  possibly  protecting 
against  Australian  disease  in  25  per  cent,  of  the  cases,  and  variola 
possibly  protecting  against  Australian  disease  in  40  per  cent,  of  the 
cases.  Vaccinia  protected  against  variola  in  100  per  cent,  of  the  cases, 
and  variola  against  vaccinia  in  50  per  cent,  of  the  cases. 


iBeprinted  from  the  Proceedings  of  the  Koyal  Society  of  Medicine, 
1917,  Vol.  X  (Section  of  Ejndemiology  and  State  Medicine) ,  pp.  44 — 55.] 


The  Outbreak  of  Cerebrospinal  Fever  at  Salisbury  in  1914-15. 
By  M.  Greenwood,  Jim.,  Captain  R.A.M.C.(T.F.).' 


The  following  observations  summarize  the  statistical  section  of  a 
report  on  the  Salisbury  outbreak  which  I  was  instructed  to  prepare 
in  collaboration  with  Dr.  W.  J.  Penfold,  of  the  Lister  Institute. 
Dr.  Penfold's  absence  from  England  makes  it  impossible  to  complete 
the  report,  but,  as  some  of  the  facts  may  be  of  interest  in  connexion- 
with  Dr.  Hamer's  paper,  it  seemed  desirable  to  publish  these  notes.. 
It  is  to  be  hoped  that  Dr.  Penfold  will  ultimately  discuss  the  whole 
subject. 

At  an  early  stage  of  the  epidemic  which  attacked  the  civilian- 
population  of  Salisbury  in  the  winter  of  1914-15,  Dr.  Penfold  was- 
instructed  by  the  Governing  Body  of  the  Lister  Institute  to  visit  the^ 
city  and  collaborate  with  the  local  authorities.  A  laboratory  was 
equipped  and  preparations  made  to  supply  vaccine  for  the  prophylactic 
inoculation  of  all  who  desired  to  avail  themselves  of  the  process. 
A  polyvalent  vaccine,  embracing  in  most  cases  six  distinct  strains  of 
meningococci,  was  manufactured,  the  strains  being  all  derived  from» 
Salisbury  cases.  Adults  normally  received  a  first  dose  of  250  to  300' 
millions,  followed  a  week  later  by  1,000  millions.  No  untoward  results, 
of  inoculation  were  observed  and  the  local  reactions  were,  in  the  great 
majority  of  cases,  slight.  In  all,  over  4,000  persons  were  inoculated,, 
and  particulars  of  most  of  these  inoculations  are  furnished  below. 

At  the  outset,  certain  general  features  of  the  epidemic  are  worthy  of 
notice.  In  Tables  I  and  II  are  recorded  the  cases  of  cerebrospinal  fever- 
notified  among  the  civilian  population  of  the  city,  and  similar  particulars 
respecting  the  troops  within  the  Salisbury  Plain  District.  The  diagram^ 
in  which  the  monthly  returns  are  reduced  to  percentages,  enables  the. 
two  records  to  be  more  easily  compared   {see  p.  3). 

'  From  the  Lister  Institute  of  Preventive  Medicine. 


Month 

October, 

1914 

November, 

) » 

December, 

i> 

January, 

1915 

February, 

,, 

March, 

» ' 

April, 

1  > 

May, 

1 » 

JUUG, 

>  1 
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Table  I.— Monthly  Distribution  of  Cases  of  Cerebrospinal  Feveb 

IN    Salisbury. 

Moiiih  Number  of  canes 

December,   1914              ...              ...  ...             2 

January,       1915                .             ...  ...             9 

February,       ,,               ..              ...             ...  18 

March,            ,,               ...             ...  ...            4 

April,               ,,                ...             ...  ...             8 

May,               ,,  ...           — 

June,               ,,                ...             ...  ..              1 

July.                „                2 

44 

Table  II. — Monthly  Distribution  of  Cases  among  the  Troops  in 
Salisbury  Plain  District. 

Numliei  (>;  rase« 
2 
3 
4 
7 

16 

12 

9 

9 

6 

68 


It  will  be  seen  that  the  course  of  events  was  not  the  same  in  the 
two  outbreaks.  Both  show  a  maximum  in  February,  but  the  city 
epidemic  declined  more  rapidly  thereafter  than  did  that  among  the 
troops.  As  the  absolute  numbers  are  small,  this  difference  might 
perhaps  be  regarded  as  unessential.  The  point  can,  however,  be  tested 
by  a  method  devised  by  Pearson  [4] ,  and  the  application  of  his  method 
shows  that  if  we  regard  each  month's  cases  as  a  separate  group, 
the  odds  against  the  two  records  having  arisen  by  sampling  from  a 
common  population  are  about  sixty-three  to  one.  If  the  groups  are 
widened,  the  October,  November,  December  and  January  cases  being 
classed  together,  and  those  for  May,  June  and  July  also  grouped 
together,  the  odds  fall  to  some  twelve  to  one,  but  are  still  appreciable. 
It  is,  therefore,  hardly  safe  to  regard  the  difference  between  the  two 
records  as  a  mere  error  of  sampling.  The  populations  at  risk  were 
exposed  to  almost  identical  meteorological  conditions,  but,  of  course, 
differed  in  age-  and  sex-constitution.  This  difference  7nay  influence  the 
form  of  the  epidemic  curve,  but  there  is  no  obvious  reason  why  it  should 
do  so  although  we  should  expect  it  to  modify  the  general  severity  of  the 
outbreak.    Another  possible  explanation  must  certainly  be  borne  in  mind. 
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Proportional  incidence  of  cerebrospinal    fever  in   different  months.     Full  line 
gives  civilian  cases,  broken  line  military  cases. 
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Inoculation  was  introduced  in  February,  and  Dr.  Penfold,  together  with 
the  local  authorities,  displayed  so  much  energy  that  by  the  first  week 
of  March  something  like  10  per  cent,  of  the  population  had  been 
inoculated.  In  other  words,  the  appearance  of  a  large  proportion  of 
inoculated  persons  coincides  with  the  decline  of  the  epidemic  at  a 
faster  rate  than  prevailed  in  the  case  of  the  uninoculated  troops  of 
the  surrounding  districts.  No  careful  reasoner  would  assign  decisive 
importance  to  this  coincidence,  but  it  deserves  to  be  recorded. 


Table  III. — Weekly  Inoculations  in  Salisbury.* 


liiorulations  ptMformed 


TolaU 


Peiiotl 

February  15-21 
22-28 

March  1-7 

8-14 
15-21 
22-28 

March  29 -April  4 

April  5-11 

12-18 
19  25 

April  26— :May  2 
3-9 
10-ir. 


*  The  figures  iu  parentheses  include  additions  received  after  the  analysis  had 
been  completed.  To  the  total  of  3,840  can  be  added  334,  the  number  of  inocu- 
lations known  to  have  been  performed,  the  records  of  which  do  not  give  dates. 
This  grand  total  of  4,174  is  still  incomplete. 


22 

(22) 

22   (22) 

800 

(846) 

822   (868) 

1,091 

1,755) 

2,513  (2,623) 

70G 

(729)    ... 

3,219  (3.352) 

140 

(U2)    ... 

3,359  (3,494) 

43 

(41) 

3.402  (3,538) 

22 

(22) 

3,424  (3,560) 

1(3 

(16) 

3,440  (3.576) 

46 

(46)    ... 

3,486  (3,622) 

101 

(101)    ... 

3.587  (3,723) 

86 

(87) 

3,673  (3,810) 

26 

(26) 

3,699  (3.836) 

4 

(4) 

3,703  (3,840) 

Let  us  now  turn  to  the  details  of  the  inoculations.  Table  III 
contains  the  data  available  at  the  time  the  analysis  was  prepared 
(February,  191()).  Since  then  393  further  names  have  been  received. 
Of  these,  137  could  be  tabulated  by  date  of  first  inoculation.  As, 
however,  the  additions  do  not  finally  complete  the  total,  and  their 
incorporation  in  the  tables  would  not  sensibly  affect  the  argument, 
the  analysis  has  not  been  repeated.  From  the  figures  in  the  table, 
and  an  estimate  of  the  numbers  inoculated  and  not  there  recorded, 
we  can  safely  conclude  that  by  March  7  between  2,000  and  3,000 
persons  had  received  at  least  one  dose  of  vaccine  (the  tabulation  is 
bv  date  of  first  inoculation).  We  have  unfortunately  no  accurate 
knowledge  of  the  total  population  of  Salisbury  at  this  time,  owing  to 
the  disturbance  produced  by  the  War  in  a  city  which  is  the  geographical 
centre  in  a  ring  of  camps  and  the  Headquarters  of  an  Army  Command. 
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It  can,  however,  be  surmised  that  the  number  of  residents  was  greater 
than  at  the  time  of  the  census  in  11)11.  Apart  from  natural  increase, 
losses  due  to  men  joining  the  colours  were  probably  more  than  counter- 
balanced by  an  influx  of  civilian  labourers  and  other  persons  employed 
by  the  military  authorities.  The  effective  population  is  likely  to  have 
been  between  22,000  and  24,000.  But  this  fact,  coupled  with  the 
circumstance  that  after  March  7  only  fifteen  cases  of  cerebrospinal  fever 
occurred,  makes  it  quite  hopeless  to  expect  to  learn  anything  of  value 
from  a  comparison  of  the  incidence  of  the  disease  upon  inoculated 
and  uninoculated  populations  as  wholes.  The  possibility  of  errors  of 
sampling  deprives  such  a  comparison  of  any  force. 

The  truth  of  this  contention  will  now  be  demonstrated.  Mr.  Udny 
Yule  and  myself  have  pointed  out  that  there  are  objections  to  the 
use  of  Pearson's  well-known  "  Goodness  of  Fit  Test  "  in  cases  of  the 
present  kind  [3],  but  we  recognized  its  value  in  rough  practice 
and  it  may  well  be  used  here.  If  then  we  take  the  uninoculated 
population  to  have  been,  in  round  numbers,  20,000,  and  the  inocu- 
lated 2,500,  and  if  no  cases  of  disease  occurred  among  the  inoculated, 
how  many  cases  should  we  require  to  find  among  the  uninoculated 
to  make  it  probable  (by  Pearson's  test)  that  the  two  groups  are 
differentiated  ?     We  have  the  following  table  : — 

Xot  attacked  Attacked  Totals 

Inoculated  ...  ...  2,500  ...  0  ...  2,500 

Not  inoculated    ...  ...  20,000  -  a;  ...  x  ...  20,000 


Totals  ...  22,500  -  a;  ..  x  ...  22,500 

What  value  of  x  will  give  us  %^  equal  to,  say,  8  (which  corresponds 
to  P  =  0"046,  or  odds  of  954  to  46  against  the  difference  being  a  chance 
event)  ?  Solving  for  x  on  this  assumption,  we  find  that  it  is  approxi- 
mately equal  to  64.  That  is  to  say,  we  should  require  to  find  more 
cases  among  the  uninoculated  than  were  recorded  during  the  whole 
epidemic  season  in  order  to  invest  the  absence  of  disease  among  the 
inoculated  with  statistical  significance.  Let  us  pass  then  to  the  special 
age-groups  which  are,  according  to  previous  experience,  peculiarly  liable 
to  attack.  These  groups  will  consist  of  persons  up  to  5  years  of  age, 
5  but  under  10,  10  but  under  15.  The  numbers  inoculated  up  to  and 
including  March  7  are  shown  in  Table  IV,  so  far  as  they  are  known, 
and  none  of  these  persons  was  attacked  by  cerebrospinal  fever.  The 
city  population  under  the  age  of  15  is  less  likely  to  have  been  seriously 
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disturbed  by  war  conditions  than  that  at  adult  ages,  and  may  be 
estimated  as  6,023.  Seven  cases  of  cerebrospinal  fever  were  notified 
as  having  occurred  among  persons  of  the  ages  in  question  during  the 
period  from  March  7.  Consequently  we  have  this  state  of  affairs:  983 
inoculated  with  no  cases,  5,040  uninoculated  with  seven  cases.  Might 
this  arrangement  be  the  result  of  random  sai\ipling  "^  The  answer  is 
that,  whether  the  four-fold  test  above  mentioned,  or  another  and 
possibly  better  test  be  employed,  the  odds  against  this  being  a  mere 
chance  happening  are  small  (the  former  test  actually  makes  the  arrange- 
ment more  likely  than  not — i.e.,  if  the  samples  really  came  from  a 
common  population  we  should,  in  the  long  run,  get  as  great  a  divergence 
as  observed,  or  a  greater,  in  more  than  50  per  cent,  of  trials).  This 
conclusion  is  not  sensibly  affected  even  if  we  assume  that  another  200 
of  the  unrecorded  but  inoculated  fell  within  the  age-groups. 

Table  IV.— Numbers  Inoculated  within  certain  Age  Groups  uh  to 

March  7,  1915. 

Aj^eurouii  Nuiub.-i 

-5  74 

5-10  364 

10—15  ...              ...              ...              ...              ...  ^^^ 

983 

[This  table  does  not  include  the  later  returns,  but  only  afe\v  of  the  later  returns 
come  within  the  assigned  limits.] 

It  is  important  to  realize  exactly  what  has  been  proved.  We  have 
not  proved  that  the  inoculations  were  useless.  Prima  facie  their 
efficacy  was  complete,  for  no  inoculated  person  contracted  the  disease  ; 
.  but  there  were  not  sufficient  cases  of  the  inoculated  for  us  to  be  able  to 
assert  with  confidence  that  the  favourable  result  was  more  than  a 
chance  happening.  It  may  be  added  that  this  method  of  computing  and 
comparing  incidence  rates  in  terms  of  the  whole  population  of  a  town 
is,  in  the  writer's  opinion,  of  very  little  value.  It  can  only  be  appro- 
priate when  we  know,  or  may  reasonably  assume,  that  all  the  persons 
composing  the  population  were  equally  exposed  to  risk.  This  assumption 
is  very  rarely  justifiable  in  the  case  of  a  disease  which  occurs  in  epidemic 
form,  and  not  usually  appropriate  even  in  the  instance  of  an  endemic 
disease.  Thus,  in  the  former  case,  inhabitants  of  the  house  or  street 
which  furnished  the  initial  cases,  whether  these  be  importations  or 
arising  de  novo,  are  peculiarly  exposed  to  risk,  while,  in  the  latter,  differ- 
ences of  social  class  may  be  of  moment,  not  to  speak  of  other  factors. 
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I  desire  here  to  call  attention  to  an  epidemiological  problem  which 
is  not  always  studied  so  closely  as  it  deserves — viz.,  the  respective 
shares  of  infection  and  unfavourable  environment  in  the  production  of 
multiple  cases  of  disease.  We  all  recognize  that  the  mere  occurrence  of 
a  series  of  cases  in  a  house  is  no  proof  of  contagion,  and  can  cite  many 
examples  from  the  history  of,  for  instance,  enteric  fever,  l)ut  we  are  never- 
theless a  little  prone  to  attribute  such  sequences  to  contagion  or  at  least 
personal  infection,  when  we  have  to  deal  with,  epidemiologically  speaking, 
less  familiar  diseases.  In  general  terms  we  may  say  that  a  distribution 
of  cases  in  which  infection  plays  no  part  will  be  some  function  of 
constant  probabilities  of  falling  a  victim,  while  if  personal  infection  is 
involved  the  probabilities  themselves  will  be  functions  of  the  numbers 
of  initial  cases.  But,  apart  from  the  difficulties  of  exhaustively  enume- 
rating the  hypotheses  based  upon  an  assumed  constancy  of  risks  the 
distinction  is  still  too  absolute.  The  risk  might  ap2:)ea7'  to  be  a  function 
of  the  number  already  affected  (as,  for  instance,  deaths  in  a  bombard- 
ment  when  the  number  of  guns  concentrated  upon  a  certain  trench  was 
steadily  increased),  although  the  cases  themselves  had  nothing  to  do  with 
spreading  the  disease.  I  think  it  is  possible  to  throw  some  light  on  this 
difficulty  by  mathematical  methods,  and  hope  to  discuss  the  problem  in 
a  future  paper ;  it  is  only  mentioned  in  this  note  to  guard  against  the 
risk  of  seeming  to  attach  too  much  importance  to  the  inquiry  next 
described. 

The  evidence  adduced  by  Chalmers,  Farrar,  and  others,  reveals  a 
tendency  on  the  part  of  cerebrospinal  fever  to  show  itself  as  aggre- 
gations of  cases  at  foci  with  little  tendency  towards  general  dissemina- 
tion. Thirty  years  ago  Wolff  commented  on  the  fact  that  the  180  cases 
of  cerebrospinal  fever  recorded  in  Hamburg  between  1880-85  occurred 
in  131  streets,  about  one-eighth  of  all  the  streets  in  Hamburg,  and  not 
containing  one-eighth  of  the  total  population.  Chalmers  and  others 
have  noted  the  apparent  relation  between  the  occurrence  of  multiple 
cases  and  the  existence  of  bad  ventilation  (not  necessarily  dirt)  in  the 
dwellings.  These  results  point  to  the  establishment  of  danger  zones. 
But  the  only  evidence  we  can  usually  have  of  the  existence  of  such 
danger  zones  is  the  occurrence  of  a  case  or  cases.  Perhaps  this  case, 
arising  it  may  be  fortuitously,  creates  the  danger,  perhaps  it  is  merely 
the  objective  sign  of  the  existence  of  other  conditions,  such  as  imperfect 
ventilation,  likely  to  react  upon  others.  Without  trying  to  solve  this 
problem,  the  essential  difficulties  of  which  have  been  mentioned  above, 
we  seem  justified  in  making  the  point  that  the  associates  of  a  patient 
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are  subject  to  a  greater  than  average  risk  of  themselves  taking  tlie 
disease.  The  rarity  of  niihtary  contact  infections  does  not  invalidate  the 
conclusion.  It  is  true  that  the  degree  of  overcrowding  in  sleeping 
quarters  is  usually  much  higher  than  within  even  the  poorest  class  of 
civilian  dwellings,  but  the  closeness  of  association,  day  in,  day  out, 
between  the  members  of  a  civilian  family  is  considerably  greater  since 
so  large  a  proportion  of  time  is  spent  by  soldiers  in  the  open  air,  and 
the  civilian  population  includes  young  children.    , 

For  these  reasons  I  thought  it  well  to  inquire  into  the  fate  of  the 
contacts  of  the  Salisbury  cases.  It  was  found  that  of  240  known  con- 
tacts 190  had  been  vaccinated,  and  fifty  had  not  been  vaccinated.  No 
cases  of  cerebrospinal  fever  occurred  among  the  former,  among  the  latter 
there  were  four  cases.  In  arriving  at  the  number  of  cases  among 
contacts  only  those  developing  after  close  and  direct  association  with  a 
previous  case  were  reckoned.  The  four  are  made  up  of  Mrs.  D.  and 
Corporal  E.,  house  contacts  of  E.  D.,  and  of  W.  8.  and  T.  K.,  workmates 
of  a  patient.  The  evidence  connecting  at  least  two  other  cases  with  a 
previous  one  is  strong,  but  not,  in  my  opinion,  conclusive.  Tabulating 
these  results,  we  have  : — 


Not  affected 
Affected 


Inoeulati'il 
190 
0 


Totals 


190 


Not  Inoiulated 
46 
4 

50 


Totals 

236 

4 

240 


Which  leads  to  x^  15-458  and  P  0*0015,  or  odds  of  665'6  to  1 
against  the  event.  If  we  apply  Bayes's  theorem,  we  find  that  after  190 
trials  with  no  successes  the  odds  are  594  to  1  against  getting  four  or 
more  successes  in  fifty  trials.  Alternatively,  the  probability  of  getting 
a  sample  of  190  without  a  success  after  fifty  trials  with  four  successes 
is  00003(),  and  the  mean  of  the  two  chances  is  0001.  Either  method 
leads  to  the  conclusion  that  the  observed  difi'erence  between  the  fortunes 
of  the  uninoculated  and  the  inoculated  contacts  is  hardly  likely  to  be  an 
error  of  sampling. 

Let  us  now  criticize  the  result.  The  comparison  is  not  vitiated  by 
any  unfavourable  age  constitution  of  the  uninoculated  contacts.  On 
the  contrary,  the  inoculated  subjects  comprised  a  larger  proportion  of 
children  and  young  adults.  Neither  is  it  rendered  illegitimate  by  any 
evidence  of  closer  association  between  the  uninoculated  contacts  and 
the  patients  than  obtained  among  the  inoculated.  So  far,  so  good  ;  but 
two  other  objections  cannot  be  so  easily  met. 
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The  first  is,  tJiat  two  out  of  the  four  cases,  and  everything  turns 
upon  but  four  cases,  occurred  at  the  end  of  January  when  the  epidemic 
was  at  its  height.  At  this  stage  few  had  been  inoculated,  so  that  most 
of  the  contacts  then  were  uninoculated.  If^  the  disease  is  infectious, 
and  if  its  infectivity  is  a  function  of  time,  that  is  to  say,  if  cases  arising 
towards  the  end  of  an  epidemic  are  less  hkely  to  produce  secondary 
cases  than  those  occurring  at  the  beginning  or  middle  of  the  epidemic, 
the  comparison  instituted  is  unfair.  I  admit  the  hypothetical  nature  of 
the  objection,  but  in  oui-  existing  state  of  ignorance  of  the  epidemiology 
of  the  disease,  it  cannot  be  left  out  of  account.  I  have  attempted  to 
avoid  the  difliculty  by  restricting  the  comparison  to  the  contacts  of  cases 
notified  in  March  and  later  months  only.  This  hmitation  reduces  the 
numbers  to  seventy  inoculated  persons  with  no  cases,  and  thirteen 
uninoculated  persons  with  two  cases;  a  distribution  which,  if  less 
improbable  than  the  previous  one,  still  has  the  respectable  odds  of 
nearly  ninety-nine  to  one  against  it  (measured  by  Pearson's  test).  I 
think,  therefore,  that  the  objection  does  not  deprive  the  comparison  of 
value  as  evidence  even  if  it  remains  in  general  terms  unanswered. 

The  second  criticism  is  that  we  have  no  details  of  the  length  of 
exposure"  to  risk  in  the  individual  cases  forming  our  data.  Upon  any 
hypothesis,  length  of  exposure,  whether  to  the  possibly  infective  patient 
or  to  the  environmental  conditions  which  favour  the  disease,  must  be 
of  the  essence  of  the  matter.  Had  we  been  dealing  with  an  absolutely 
large  experience  we  might  perhaps  have  assumed  that  individual 
variations  of  exposure  would  average  out  and  that  one  sample  would 
not  be  more  favourably  circumstanced  than  the  other.  We  have  indeed 
no  evidence  that  there  ivas  any  such  distinction,  but  since  the  total 
nupibers  are  small,  and  all  that  we  have  arithmetically  proved  is  that 
random  variations  are  unlikely  to  have  given  rise  to  the  observed 
difference,  we  can  hardly  neglect  the  possibility  of  material  variations — 
other  than  the  fact  of  being  or  not  being  inoculated — having  .played 
a  part. 

If  the  results  obtained  are  weighed  against  the  objections  cited,  I 
think  the  following  conclusion  may  be  drawn.  The  experience  of  the 
vaccinated  contacts  was  more  favourable  than  that  of  the  unvaccinated 
contacts.  The  difference  is  too  great  to  be  dismissed  as  a  mere  error 
of  sampling  and  cannot  be  explained  by  differences  of  age  constitution 
or  closeness  of  association.  Variations  of  infectivity  and  length  of 
exposure  cannot,  however,  be  eliminated  and  may  account  for  the  result, 
but  there  is  no  evidence  that  they  do  so. 


10  Greenwood  :    Cerebrospinal  Fever  at  Salishury 

One  further  trial  remains  to  be  described.  In  a  certain  number  of 
families  a  proportion  of  the  members  were  inoculated  before  the  disease 
appeared  among  them.  In  all  fifteen  families  returned  cases  after 
some  10  per  cent,  of  the  inhabitants  of  Salisbury  had  been  inoculated 
(Table  V).  If  we  regard  these  families  as  fifteen  bags  each  containing 
certain  numbers  of  black  (inoculated)  and  white  (uninoculated)  balls, 
and  draw  at  random  one  ball  from  each  what  is  the  chance  that  all  the 
balls  drawn  will  be  white  '.'  I  find  that  the  chance  is  O'lOa  or  odds  of 
a  little  more  than  five  to  one  against.  This  result  is  also,  so  far  as  it 
goes,  in  favour  of  inoculation. 

Table    V.— Families    in    which    Cerebrospinal    Fevek    occurred    ab'ter 

10  t'ER  CENT.  OF  THE  SALISBURY  POPULATION  HAD  BEEN  INOCULATED, 

WITH   Particulars  as  to   the   Numbers   in    each    Family  Inoculated 

BEFORE    the    DISEASE    BROKE    OUT. 

RHteivncw  Nmiib.'i  uiiiiuuiilat.'.l                                        Nuinhrr  inoculiile.l 

Pe.  ...             ...             ...  ^  •••             •••  — 

Ba.                 «  1 

Pa.                  7  2 

Cr.                  7  - 

Sk.                   2  2 

Sy.                 ■••  7  "~ 

Lo.  ..             ...             ...  ^  •••             •••             ••  "~ 

Ha.                  10  - 

Sw.                  t>  •••             1 

Ro.                  4  3 

As. <•  

Wi.                 ...             ^^  •••             •••  ~ 

Rb.                  3  

CI.  ...             ...             ...  4  ...             ...             ...  — 

Ho.                 V  - 

Lastly,  a  circumstance  deserves  mention  which,  although  not  within 
the  purview  of  a  statistical  analysis,  is  of  some  significance.  During 
the  epidemic  season  of  1915-1(),  cerebrospinal  fever  did  not  become 
epidemic  at  Salisbury.  It  does  not  follow  that  because  in  one  year 
there  was  an  epidemic  we  should  expect  a  recurrence  in  the  following 
year:  indeed,  in  the  case  of  some  diseases  exhibiting  a  periodicity  with 
an  amplitude  greater  than  twelve  months,  such  an  event  would  be 
unlikely.  But  in  the  case  of  cerebrospinal  fever  the  experience  of 
other  towns  suggests  that  when  once  introduced  it  rarely  dies  out 
within  a  year,  so  that  it  is  open  to  anyone  to  attribute  the  recent 
immunity  of  Salisbury  to  the  effects  of  last  year's  vigorous  inoculation 
campaign.  The  only  comment  I  have  to  make  on  this  argument  is 
that  it  seems  to  me  quite  as  convincing  as  most  of  the  arguments  to  be 
found  in  bacteriological  treatises  upon  cerebrospinal  fever. 
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The  results  of  this  inquiry  will  now  be  summarized.  In  the  first 
place,  it  appears  that  the  form  of  the  epidemic  wave  on  the  civil 
population  differed  significantly  from  that  characterizing  the  outbreak 
among  troops  occupying  the  surrounding  districts.  This  difference 
corresponds  to  the  establishment  of  a  sensible  proportion  of  inoculated 
persons  among  the  population  and  may  be  causally  connected  there- 
with. The  statistics  can,  however,  only  establish  a  correspondence,  not 
a  causal  connexion,  and  the  value  of  the  correspondence  is  weakened  by 
the  facts  that  we  are  working  with  very  small  numbers,  that  our  know- 
ledge of  the  epidemic  form  of  the  disease  is  incomplete  and  that  we 
cannot  even  exhaustively  enumerate  the  factors  which  may  have 
co-operated  in  producing  the  result. 

In  the  second  place,  the  attack-rates  upon  the  inoculated  and 
uninoculated  populations  as  wholes  and  at  certain  age  groups  are 
favourable  to  the  former,  but,  even  if  significance  attaches  to  such 
comparisons  in  general,  the  absolute  magnitudes  here  involved  do  not 
lead  to  results  beyond  the  limits  of  probable  chance  fluctuations. 

In  the  third  place,  the  after-histories  of  contacts  yield  data  sug- 
gesting a  utihty  in  inoculation.  This  evidence  is  open  to  certain 
objections  but  is  of  real  value. 

In  the  fourth  place,  the  distribution  of  the  disease  between  inocu- 
lated and  uninoculated  members  of  families  reporting  cases  after  the 
widespread  introduction  of  inoculation  is  favourable  to  the  inoculated, 
but  the  numerical  measure  of  the  advantage  is  not  decisively  great. 

The  combined  effect  of  these  results   is  not   overwhelming   but  is 

sufficient  to  justify  the  following  conclusion — viz.,  that  a  privia  facie 

case  in  favour    of  prophylactic    inoculation    has    been    made    out.      It 

appears  that  general   inoculation   may  be   an  efficient   weapon  in  our 

-struggle  against  cerebrospinal  fever  as  an  epidemic  disease. 

From  the  point  of  view  of  the  epidemiologist,  it  is  desirable  that 
an  adequately  controlled  experiment  on  a  large  scale  should  be  under- 
taken. Failing  this,  a  complete  analysis  of  the  military  data  should  be 
carried  out  with  the  object  of  providing  controls  on  future  results  derived 
from  inoculated  populations.  In  particular  the  time-curve  of  an  epi- 
demic, the  case-rate  amongst  close  contacts,  especially  under  conditions 
approximating  to  those  of  civil  life,  and  the  curve  of  age  susceptibility 
require  to  be  investigated  in  greater  detail  and  on  the  basis  of  far  larger 
numbers  than  has  so  far  been  possible. 

The  notion  that  epidemiology  is  an  occupation  for  the  leisure 
moments  of  a  bacteriologist  is  especially  prevalent  in  connexion  with 
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cerebrospinal  fever.  Dr.  Hauler's  paper  may  help  to  dispel  this  illusion, 
which  is  iiiy  excuse  for  the  publication  of  these  notes.  I  wish  to  add 
the  expression  of  my  sincere  thanks  to  Dr.  Fison,  Medical  Othcer  of 
Health  of  Salisbury,  Mr.  G.  F.  Fowles,  Sanitary  Inspector,  and  the 
various  medical  practitioners  in  Salisbury,  who  have  provided  data  for 
the  statistical  analvsis. 
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ON  THE  STATISTICAL  INTERIMS byrATlON  OF  SOME 
BACTERIOLOGICAL  METHODS  EMPLOYED  IN 
WATER   ANALYSIS. 

By  M.   UREENWOOD,  Junr.   and   G.   UDNY  YULE. 

(Lister  Institute  of  Preventive  Medicine.) 

(With  3  Charts.) 

We  were  recently  consulted  by  an  oflficer  serving  on  the  Western 
Front  as  to  the  significance  attaching  to  ordinary  bacteriological  methods 
of  gauging  the  potability  of  waters.  He  wished  to  know  what  was  the 
probability  that  a  given  water  supply  did  not  contain  more  than  a 
certain  proportion  of  bacteria  in  the  unit  volume,  it  having  been  found 
that  particular  samples  tested  showed  no  growth  while,  perhaps,  larger 
samples  had  done  so,  or  that  so  many  out  of  a  series  of  samples  of  the 
same  size  had  given  positive  results.  Having  obtained  what  seemed 
to  us  a  reasonable  solution  of  the  particular  problem  proposed,  we 
thought  that  the  results  might  interest  other  officers  and  bacteriologists 
who  have  to  do  similar  work.  A  survey  of  the  criteria  actually  used 
by  bacteriologists  when  they  form  an  opinion  as  to  the  purity  of  waters 
seems  to  us  to  emphasise  the  need  for  some  discussion. 

So  far  as  we  can  learn,  the  standard  method  is  to  find  the  minimum 
quantity  of  water  from  which  a  culture  of  the  organism  in  question  is 
obtained,  usually  at  a  single  trial.  It  is  also  generally  held  that  a 
useful  indicator  of  pollution  is  furnished  by  the  B.  coli  group ;  the  differ- 
ence between  such  highly  refined  techniques  as  that  of  the  Metropolitan 
Water  Board's  experts  and  the  rapid  Field  Service  method  introduced 
by  Lieut. -Colonel  P.  S.  Lelean  is  that  the  former  envisage  a  carefully 
defined  and  limited  group  of  organisms,  while  the  latter  merely  deter- 
mines the  presence  of  such  as  ferment  lactose,  when  grown  in  MacConkey's 
bile  salt  broth,  within  24  hours.     It  will  be  remembered  that  Houston 
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has  expressed  positive  results  in  terms  of  the  numbers  of  tubes  con- 
taining "flaginacs,"  i.e.  organisms  which: 

(1)  give  greenish  fluorescence  (fl)  in  neutral-red  broth, 

(2)  acid  and  gas  (ag)  in  lactose-peptone, 

(3)  indol  (in)  in  broth, 

(4)  acidity  (ac)  and  clotting  of  litmus-milk. 

Whether  this  rigorous  examination  really  excludes  many  organisms 
which,  although  passing  the  lactose  fermentation  test,  ought  not  to  be 
admitted  into  the  B.  coli  fold,  is  a  question  we  are  incompetent,  to 
answer. 

With  respect  to  standards,  Dr  Savage,  who  has  worked  in  the 
Metropolitan  Water  Board's  laboratory,  writes  that  any  deep  well  or 
spring  water  which  contains  B.  coli  (rigidly  defined  by  such  methods 
as  that  above  detailed)  in  a  sample  of  100  c.c.  or  less  should  be  regarded 
with  great  suspicion.  In  the  case  of  surface  supplies  and  shallow  wells, 
he  writes :  "If  no  B.  coli  are  present  in  50  c.c,  the  water  may  probably 
be  safely  passed  as  satisfactory,  as  far  as  conditions  actually  present 
are  concerned."  "For  rivers  used  as  sources  of  drinking  water,  without 
artificial  purification,  similar  standards  are  applicable^." 

Colonel  Lelean's  standard  is  not  defined.  In  practice  he  appears  to 
have  used  7  tubes  containing  respectively  20,  15,  10,  5,  2,  1  and  \  c.c. 
of  water  to  be  tested^.  The  total  volume  of  water  *so  used  is  said  to 
have  been  50  c.c.  (in  reality,  as  it  appears,  53 J  c.c.)  and  the  tests  ''giving 
all  negatives  were  recorded  as  having  fractors  in  75  c.c.  instead  of  50  c.c, 
while  the  all-positive  results  were  given  a  value  of  fractors  in  J  c.c 
instead  of  |  c.c."  This  novel  statistical  approximation  does  not,  how- 
ever, seem  to  have  been  uniformly  employed  by  Colonel  Lelean,  for 
the  number  50,  and  also  the  number  25,  is  frequently  to  be  found  in  the 
column  of  his  tables  headed  "Minimal  number  of  c.c.  containing  lactose 
fractors."  As  no  single  tube  of  his  series  contained  either  50  or  25  c.c 
it  is  not  obvious  how  these  results  were  reached. 

Nor  is  Colonel  Lelean  the  only  writer  from  the  perusal  of  whose 
lucubrations  the  student  may  rise  with  some  sense  of  bewilderment. 
Professor  Hewlett^  states  that  for  the  examination   of  an   ordinary 

^  Savage,  The  Bacteriological  Examination  of  Water  Supplies,  pp.  185-6.  London, 
1906. 

2  Bacteriological  Examination  of  Waters  in  the  Field.  Jonrn.  Rmjal  Army  Medical 
Corps.     Sept.  1914. 

^  Manual  nj  Bacteriology,  5th  Edition.     London,  1914. 
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ihiiiking  w^ter  he  usually  employs  live  tubes  with  1  c.c.  of  the  water 
in  each,  two  tubes  (double  streii«»th)  with  10  v. v.  in  each,  and  one  tube 
(double  streni^th)  with  25  c.c."  (p.  584).  Then  later  he  remarks  (p.  587) 
''The  detection  and  enumeration  of  B.  voU  are  regarded  by  all  as 
perhaps  the  most  important  part  of  water  examination.  The  number 
of  B.  coli  is  estimated  from  the  amounts  of  water  that  have  been  added 
to  the  tubes  of  media,  which,  however,  assumes  that  the  organism  is 
regularly  distributed  throughout  the  sample,  and  this  must  so  far  as 
possible  be  ensured  by  thorough  mixing.  The  results  generally  come 
out  fairly  concordantly,  though  irregularities  exceptionally  occur  which 
can  only  be  obviated  by  making  duplicate  sets  of  cultures.  It  is  better 
to  state  the  result  as  '' B.  coli  present  in  ...  c.c.  of  water"  rather  than 
to  say  that  so  many  B.  coli  are  present,  though  as  a  matter  of  fact  the 
latter  statement  is  approximately  correct.  Adopting  the  writer's 
method  for  B.  coli  (p.  584),  if  none  of  the  tubes  contains  B.  coli,  we  say 
that  ''  B.  coli  is  absent  from  50  c.c."  :  if  the  25  c.c.  tube  contains  B.  coli, 
but  not  the  remainder,  "j5.  coli  is  present  in  25  c.c.  but  not  in  less, 
and  so  on." 

"If  nothing  is  known  about  the  water,  the  following  standards  may 
be  adopted : 

(a)  Waters  of  good  quality.  B.  coli  absent  in  50  c.c.  of  the 
water. 

(h)  Wafers  of  7nediiim  quality.  B.  coli  present  in  50  c.c.  l)ut  absent 
in  25  c.c. 

(c)  Waters  of  poor  quality.  B.  coli  present  in  50  c.c.  and  25  c.c, 
but  absent  in  10  c.c. 

(f?)  \Vaters  of  suspicious  quality.  B.  coli  present  in  50  c.c,  25  c.c 
and  10  c.c,  but  absent  in  1  c.c. 

(e)      Waters  unfit  for  drinlivg.     B.  coli  present  in  1  c.c  or  less." 

In  following  paragraphs  there  is  some  qualification  of  the  standards 
here  laid  down,  it  being  pointed  out  that  in  upland  surface  waters  a 
high  degree  of  contamination  may  only  be  due  to  pollution  by  the 
excreta  of  animals  and  therefore  not  dangerous,  wliile  in  the  case  of 
spring  or  deep  well  water  B.  coli  should  be  absent  from  at  least  50  c.c. 

In  the  passage  cited  from  p.  587  it  is  not  explained  how  '*  the  number 
of  B.  coli  is  estimated  from  the  amounts  of  water  that  have  been  added 
to  the  tubes  of  media"  even  on  the  assumption  of  regular  distribution, 
nor  how  any  amount  of  stirring  can  ensure  regular  results,  any  more 
than  stirring  up  the  tickets  in  a  bag  containing  equal  numbers  of  black 
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and  white  cards  can  ensure  that  one  will  always  draw  five  black  and 
five  white  out  of  ten.  It  is  not  clear  how  duplicate  sets  of  cultures 
can  obviate  iiTe<2;ularities,  when  two  or  more  sets  may  give  different 
results.  The  student  will  agree  that  when  he  fails  to  get  a  positive  in 
any  one  of  the  author's  series  of  tubes  "5.  coli  is  absent  from  50  c.c." 
But  if  the  25  c.c.  tube  gives  a  positive  but  none  of  the  remainder,  he 
may  legitimately  object  to  the  statement  "  B.  coli  is  present  in  25  c.c. 
but  not  in  less,"  seeing  that  what  has  really  been  found  is  that  B.  coli 
is  present  in  one  lot  of  25  c.c.  but  not  in  another — the  lot  made  up  of  five 
1  c.c.  tubes  and  two  of  10  c.c.  The  concluding  words  of  the  paragraph 
"and  so  on"  also  open  up  a  vista  of  possible  questions.  If  one  of  the 
10  c.c.  tubes  gives  a  positive  and  the  other  a  negative,  how  is  the  result 
to  be  stated?  If  one,  or  two,  or  more  of  the  1  c.c.  tubes  give  positives, 
but  not  the  remainder,  what  conclusion  is  to  be  drawn  ?  Passing  then 
to  the  standards  laid  down  under  heads  (a) — (e),  how  is  the  student  to 
determine  standard  (b)  from  the  author's  series  of  tubes?  If  B.  coli  is 
"present  in  50  c.c."  in  his  series,  it  is  most  likely  to  be  present  in  the 
25  c.c.  tube  and  is  therefore  not  absent  from  25  c.c. :  if  present  in  the 
25  c.c.  tube,  it  is  also  very  probably  present  in  one  of  the  others  which 
total  to  25  c.c.  and  this  makes  the  case  worse.  Standard  (b)  cannot 
therefore  be  determined  from  the  given  series  of  tubes.  Standard  (c) 
also  fails :  if  none  of  the  10  c.c.  or  1  c.c.  tubes  give  a  positive,  the  actual 
result  is,  as  already  pointed  out,  "5.  coli  present  in  one  sample  of  25  c.c. 
but  not  in  another."  If  either  of  the  10  c.c.  tubes  give  a  positive,  one 
cannot  state  that  B.  coli  is  absent  from  10  c.c.  Precisely  similar 
criticisms  apply  to  (d).  If  B.  coli  is  absent  from  all  the  1  c.c.  tubes,  it 
is  absent  from  5  c.c,  not  from  1  c.c.  If  any  one  of  the  1  c.c.  tubes 
give  a  positive,  it  is  not  "absent  from  1  c.c." 

The  train  of  reasoning  followed  in  the  treatise  of  Colonel  Beveridge 
and  Major  Wanhill  is  somewhat  different.  These  authors  employed  the 
usual  MacConkey  medium  and  they  classified  waters  in  practically  the 
same  way  as  Savage,  e.g.  they  held  that  the  absence  of  B.  coli  from 
100  c.c.  indicated  a  very  pure  water,  while  presence  in  100  but  absence 
from  50  c.c.  "is  an  indication  of  a  good  water,  which  has  been  polluted 
in  some  way,  by  animal  or  by  human  excreta,  but  in  such  small  amount, 
or  at  such  a  distant  period  that  there  would  not  be  much  danger  attaching 
to  the  use  of  such  water  for  a  town  supply,  if  filtered"  (p.  152).  They 
further  observed  that  "  For  temporary  camps,  if  inspection  could  reveal 
the  presence  of  no  polluting  agency  and  it  could  be  surmised  that  the 
excreta  of  sheep  or  cattle  w^ere  the  cause,  the  presence  of  B.  coli  in 
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10  c.c.  or  less  might  be  allowed,  tliis  nuniher  ])ein<j^  often  found  in 
moorland  streams,  where  human  contamination  is  unlikely^." 

Beveridpje  and  Wanhill  also  provide  an  arithmetical  illustration  of 
the  method  of  determinin<»  the  density  of  bacilli  in  the  source  from  an 
examination  of  samples  each  of  the  same  volume.  They  say  that  if 
ten  tubes  each  inoculated  with  1  c.c.  of  water  yielded  three  positive 
and  seven  negative  results  the  sample  may  be  considered  to  contain 
B.  coli  in  every  3  c.c.  of  water,  adding :  "  this  is  a  rough  estimate  and 
is  not  mathematically  accurate."  We  may  observe  that  it  was  this 
somewhat  delphic  utterance  which  induced  an  officer  on  water  duty  to 
submit  to  us  the  problem  which  was  tlie  starting  point  of  the  present 
investigation. 

Before  detailing  our  investigation,  we  may  emphasise  certain  con- 
siderations which  were,  no  doubt,  present  in  the  minds  of  the  various 
authors  cited  but  seemed  to  them  too  trivial  to  state. 

The  fact  that  a  given  volume  of  water  tested  contains  no  bacilli, 
or  none  which  will  grow,  does  not  prove  that  the  source  of  supply  is 
sterile,  the  point  is  merely  that  the  greater  the  volume  tested  with 
negative  results  the  smaller  is  likely  to  be  the  population  of  organisms 
existing  in  the  supply ;  none  of  the  writers  has  attempted  to  provide 
a  scale  of  bacterial  densities  corresponding  to  the  increase  of  the  minimum 
quantity  of  water  found  sterile  on  examination.  We  think,  indeed, 
that  the  tenor  of  the  passages  cited  creates  a  presumption  that  the 
authors'  criterion  really  is  that  sources  shoivn  by  other  metJwds  or  found 
from  practical  experience  to  be  safe  or  to  be  unsafe  have  usually  been 
found  to  give  sterile  readings  when  samples  of  the  assigned  size  have 
been  tested.  This  would  explain,  for  instance,  the  lower  standard 
adopted  in  the  case  of  moorland  waters.  This  is  undoubtedly  a  reason- 
able attitude  of  mind  enough,  but  it  is  necessary  to  remark  that  the 
process  is  not  wholly  satisfactory,  since  two  observers  both  testing  the 
same  source  on,  say,  the  basis  of  a  sample  of  100  c.c.  might  obtain  the 
one  a  positive,  the  other  a  negative  result,  so  that  the  one  would  reject 
and  the  other  pass  the  supply.  Further,  no  criterion  is  provided  of  the 
increase  in  accuracy  of  prediction  attained  when  two,  three  or  more 
samples  of  100  c.c.  all  give  sterile  readings. 

The  object  of  this  paper  is  to  provide  such  criteria  or  at  least  to 
indicate  the  method  by  which  they  may  be  obtained  in  any  given  case. 
The  actual  technique  employed  is  so  different  in  detail  in  different 

1  Beveridge  and  Wanhill,  The  Sanitary  Officer's  Handbook  of  Practical  Hygiene,  2nd 
Edition.     London,  1912. 
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cases  (thus  the  Metropolitan  Water  J^oard  use  tubes  with  volumes  in 
decreasing  geometrical  progression,  100  c.c,  10  c.c,  1  c.c,  etc.,  while 
Colonel  Lelean  had  tubes  of  diminishing  volume  but  not  diminishing 
uniformly),  that  it  is  not  j)()ssible  to  provide  a  table  of  standards  which 
will  be  of  use  to  all  observers.  Such  tables  can  be  drawn  up,  with  the 
help  of  general  formulae  obtained,  but,  as  the  arithmetic  if  simple  is 
laborious,  we  have  confined  ourselves  to  the  provision  of  a  few  illustrative 
examples. 

Section  I.     Preliminary  Propositions. 

If  in  the  water  from  which  samples  of,  say,  1  c.c.  each  are  drawn 
there  exist  B  bacilli  in  all  in  a  total  volume  of  W  c.c.  of  water,  then,  the 
distribution  of  bacilli  being  assumed  to  be  random,  the  probable  numbers 
of  c.c.  w^ith  0,  1,  2,  3,...  bacilli  in  each  are  given  by  the  binomial  expansion 

(•^-'-ir ■ <"- 

Since  B  and  W  are  both  very  large  indeed,  (1)  becomes  by  a  well-known 
transformation  originally  given  by  Poisson^ : 

e-(i+A  +  J  +  ^-', )    (2) 

where  A  =  ^ .     The  problem  then  reduces  itself  to  that  of  determining 

the  appropriate  value  of  A  and  the  probable  reliability  of  its  deter- 
mination. 

Section  II.    Case  of  a  Single  Test. 

We  first  consider  the  case  of  a  sample  of  N  c.c.  having  been  taken 
and  found  sterile. 

The  chance  of  this  happening  for  a  given  value  of  A,  is,  by  (2),  e~^'^. 

Now  it  is  reasonable  to  assume  that  all  values  of  A  from  0  to  some 
upper  limit  w  are  a  priori  equally  probable  (by  analogy  with  Bayes' 
postulate)  so  that  the  chance  of  A  being  within  the  range  A  ±  |c?A  is 
dX/w  and  the  chance  that,  A  being  within  the  range,  the  event  happens 
is  e~-^^^,  so  that  the  complete  chance  of  A  not  exceeding  some  assigned 
value  AC  is 


p  ^  ^^ 1  -J-/'^ 

'to  "1   p—Niv  ' 

0 
*  Recherches  sm  la  Probability  d.  Jugements,  etc.,  p.  190  and  p.  206. 
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g-Att>  diminishes  very  rapidly  as  w  increases  and  we  may  i)iit  w  ^  oc   su 
that  the  re([iiired  chance  is 

P=  1  -e-^'"  (3). 

Consequently  if  we  desire  to  assign  an  u[)})('r  limit  to  tlic  prohahle 
density  of  bacilli  in  a  source  of  supply  a  sample  of  A'  c.c.  from  which 
has  proved  sterile  we  have  the  following  simple  method.  Suppose  we 
take  as  our  standard  the  limit  corresponding  to  odds  of  99  to  1. 

Then,  from  (3) 

e-'''^  -  -01, 

and  the  odds  are  99  to  1  that  k  is  not  greater  than 

_  log  -01 

N  log  e ' 

Looking  at  the  matter  from  the  standpoint  of  the  frequency  distri- 
bution, we  may  say  that  the  frequency  distribution  of  bacilli  per  c.c.  in 
waters  which  give  a  negative  result  on  testing  iV  c.c.  is 

y  =  N  .  e-^^\ 

The  maximum  is  at  zero  and  the  curve  tails  off  rapidly  towards  the 
higher  densities.     The  actual  curve  for  N  =  100  is  shewn  in  Fig.  1. 
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Fig.  I.     Frequency  distribution  of  bacterial  densities  whcti  1(H)  c.c.  give  a  negative 
result.     The  aroa  of  tlie  curve  is  10  squares. 
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Section  TIT.     Case  of  Two  Tests. 

We  now  take  the  instance  of  two  tubes  having  been  used  with 
respectively  n  and  w  c.c.  of  water  in  each.  Should  both  prove  negative, 
we  reach  the  previous  result  putting  n  -\-  w  ^  N .  Tf  the  n  c.c.  tube  is 
negative  and  the  m  c.c.  tube  positive  then  from  (2)  by  similar  reasoning 
we  have  for  the  chance  that  A  does  not  exceed  k  : 


P  = 


I    e-^''  (1  -  e-'"")dX 
J  {) 

g-A«  (1  _  g-A»/)  fix 


putting  w  =  infinity,  as  before,  we  have 

-r,      ,       fn  +  m  ^      ,   ,    ,  \ 

p  —   2  —  I  e~"'' g-fn+w)/f         M\ 

V  ^??  "^         /  

Taking  again  some  particular  value  of  odds,  such  as  99  to  1,  (4) 
enables  us  to  find  a  value  of  k. 

Tt  is  to  be  noted  that  the  method  breaks  down  if  both  samples  give 
positive  results  for 


^0 


w  ' 

(1  -  e-«^)  (1  -  e-^^)  d\ 

0 

vanishes  for  w  ^  oo  ,  ^o  that  no  upper  limit  is  assignable  to  A. 

The  problem  of  this  section  may  also  be  studied  from  the  point  of 
view  of  curve  fitting.     We  have,  writing  m  +  n  =^  N , 

y=  —  e-^"  (1  -  e-'^) (5), 


for  the  distribution  of  A,  since  the  total  area  is 


["(1  -e-^")(l  -e-^^')dX 
Jo 


m 
Nn' 


The  curve  extends  from  0  to  oo ,  and  differentiating  (5)  with  respect  to 
A  and  equating  to  zero  we  find  for  the  mode 

A=log^.— ,^—  (6). 

n     m  log  e  ^  ' 

Now 

x^ e-^"  .  dx  =  ~      x«-i  .  e-"""  .  dx  =  ...  = 


KJii  K 


n+l 


(integrating  successively    by  parts  and  noticing   that    the   first   part 
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vanishes),  so  that  the  siicrossivo  momonts  of  (5)  aro  (h^tonninato.     We 

have : 

N  +  n                        ' 
mean  =        ,,        (/), 

nN 

^'^WVW ''^'' 

^'=     m^      ^''- 

This  curve  therefore  has  positive  skewness  for  all  finite  values  of  w, 
i.e.  the  long  tail  of  the  distribution  extends  to  high  values  of  A. 

Again  if  we  write  A^  for  the  modal  value  found  in  (6),  the  chance 
that  tlie  true  bacterial  density  does  not  exceed  tlie  modal  value  is: 

1-    -        (e-^>^-er^^)d\  (9  a), 

integrating  and  putting  Aj  equal  to  (G),  (0  a)  becomes: 


n 


i-A.f-^Tc^'-"^)  no). 


mN\N/ 
If  m  =  pn,  N  =--  (p  -\-  1)  71,  (10)  becomes: 


1 


(p  +  1)  ^ 

If  p  becomes  very  large  the  fraction  approximates  to  unity  and  most 
of  the  area  lies  beyond  the  mode.  This  is  reasonable,  for  the  information 
that  a  second  sample  of  infinite  size  gave  a  positive  result  adds  nothing 
to  our  knowledge  and  (4)  reduces  to  the  case  of  the  last  section,  for  which, 
as  A  cannot  be  negative,  the  mode  is  at  A  =-  0. 

As  an  illustration  of  the  forms  that  frequency  distributions  may 
take,  the  curves  have  been  calculated  (1)  for  the  case  in  which  100  c.c. 
gives  a  positive  result  and  50  c.c.  a  negative,  (2)  for  the  reciprocal 
case  in  which  100  c.c.  gives  a  negative  but  50  c.c.  a  positive — an  incon- 
sistent but  perfectly  possible  result.  The  two  curves  are  shewn  together 
in  Fig.  2.  Both  distributions  are  very  skew.  The  respective  modes  are 
Ai  =  0-011  and  A^  =  0-0081. 

The  question  naturally  arises,  what  is  the  probability  of  an  incon- 
sistence such  as  that  assumed  in  the  second  illustration  ?  If  n  c.c.  have 
given  a  negative  result  what  is  the  probability  that  a  subsequent  sample 
of  m  c.c.  from  the  same  water  will  also  give  a  negative,  or  on  the  other 
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liaiul  a  positive?  If  n  c.c.  have  <i;iven  a  negative,  the  probability  that 
A  lies  within  the  limits  k  ±  I^k  and  that  a  second  sample  of  m  c.c.  will 
then  give  a  negative  is  ne'^^"  cIk,  where  N  =  m  +  n  as  above.     For 


I      1 I I ^  K -"^1        '  I  ■  ^ 
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Fig.  2.  Frequency  distributions  of  bacterial  densities  for  (1)  100  c.c.  -\- ,  50  c.c.  -, 
the  curve  with  the  lower  maximum,  (2)  100  c.c.  -  ,  50  c.c.  +  ,  the  curve  with  the  higher 
maximum.     The  area  of  each  curve  is  10  squares. 

all  values  of  A  the  required  probability  is  therefore  the  integral  of  this 
from  0  to  00  or : 

chance  that  n  c.c.  having  given  a  negative,  a  second )  _  ^ 
sample  of  m  c.c.  will  also  give  a  negative  J       N  ' 

If  n  =  100,  m  =  50,  the  chance  is  |  or  the  chance  of  an  inconsistence 
no  less  than  J .  If  m  =  n,  the  chance  is  J .  The  results  emphasise  our 
previous  remarks  on  the  necessity  of  remembering  that  all  results  are 
subject  to  considerable  fluctuations  of  sampling. 


Section  IV.    Case  of  Several  Tests. 

We  first  examine  the  case  of  N  tubes,  each  containing  the  same 
quantity  of  water,  which  is  taken  as  unity,  n  of  the  tubes  being  sterile 
while  m  give  positive  results. 

If  follows  directly  from  (2)  that  the  most  probable  value  of  A  is  given 
bv 


N  —  m         ,        .         1 

N  loge     ^  N  —  m 


loj 


2-302585  log  ,, 


m 
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The   value   so   obtained   is,  however,  subject   to   wide   lluctuatious   of 
sampling  as  we  shall  now  show. 

,  „.       N  -in  , 

Calhng  — ^ —  ,  X,  we  have 

2  _  1     N  —  m    m 
''''  ^  N'  '   N'N' 


A 

♦' 


If  -  =  log  ^ '         ^^^=  -^  ^^'         ^^^'^  ^  x^  ^^^'^^^' 

and  consequently 

^"^       0^2 '^".      N(N-7n)' 
And  finally  the  "probable  error"  of  A  determined  from  (12)  is: 

1-553008^™^  (13). 

As  will  be  seen  from  the  probable  errors  calculated  as  illustrations 
in  the  columns  headed  4  and  10  of  Table  I  the  fluctuations  are  such 
that  it  seems  better  to  resort  to  the  method  adopted  in  the  previous 
sections. 

TABLE  I. 

Prohahle  nmnher  of  bacilli  per  1000  c.c.  for  a  given  number  of  blanks  out 
of  a  given  number  of  lest  tubes  (1  c.c.  in  test).  If  10  c.c.  are  placed  in 
each  tube  instead  of  I,  divide  all  figures  by  10. 


No.  of 

blanks 

1 

Out  of 

A. 

693 

3 

1098 

4 
1386 
±1345 

5 
1609 

6 
1792 

,  7 
1946 

8 
2079 

9 
2197 

10 
2303 
±1473 

2 

— 

405 

693 

±  777 

916 

1098 

1253 

1386 

1504 

1609 

±  982 

3 

■  — 

— 

287 
±  448 

510 

693 

847 

981 

1098 

1204 

±  7^0 

4 

— 

— 

— 

223 

405 

560 

693 

811 

916 

±  602 

6 

— 

— 

— 

— 

182 

336 

470 

588 

693 
±  491 

e 

— 

— 

— 

— 

— 

154 

287 

405 

510 
±  401 

7 

— 

— 

— 

— 

— 

134 

251 

357 
±  322 

s 

— 

— 

— 

— 

— 

— 

— 

118 

223 

±  246 

9 

'- 

— 

— 

— 

— 

— 

— 

— 

105 
±  164 
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We  have  accordingly  for  the  chance  (P)  that  A  does  not  exceed  some 
value  K 

P=l (14). 

Expanding  the  brackets,  the  numerator  and  denominator  can  be 
integrated  as  before  and  an  equation  obtained  for  the  value  of  x  corre- 
sponding to  a  given  value  of  P.     For  small  numbers  of  tubes  there  is  no 
.difficulty,  though  the  laboriousness  of  the  work  rapidly  increases  with 
the  number  of  tubes.     Alternatively,  writing 

e~^  =  X,      aA= , 

X 

substituting  and  assuming  w  to  be  infinite  (14)  becomes 
I      x''-^  (1  -  x)"^  dx  /       cc^-i  (1  -  x)»' .  dx 

Jo  (m-{-n)\ 

If  now  we  require  the  value  of  k  which  corresponds  to  some  assigned 
probability,  we  can  rewrite  (15)  as 

fx 

cc^-1  (1  -  x)'^,dx 

-2—; TT-, j =  1-P   (16). 

[n  —  1)1  ml  ^ 

(m  +  n) ! 

Integrating  the  numerator  of  (16)  by  parts,  (taking  x'^~'^  as  the  direct 
integrand  so  as  to  keep  the  terms  all  positive)  it  becomes 

a?"  f/-.         X  w        /I         x^  1  m  (m  —  1).       „  ,^         ,      „ 


—  -^(1  -  ic)^  H ^  xi\-  x)^-i  -h  , Vt-7 ^  a;2  (1  -  x) 

n\^  '         n+l     ^  '  (n  +  1)  (n  +  2)       ■  ' 

(17). 

The  series  converges  fairly  rapidly  and  in  rough  practice  it  will  be 

found  that  a  sufficiently  good  approximation  is  often  reached  by  putting 

the  bracket  equal  to  unity  and  solving  for  x  from 

x^Jn~l)\M\  

n         [m  -\-  n)\ 

As  the  sum  within  the  bracket  cannot  exceed  unity,  this  approxi- 
mation underestimates  x  and  therefore  over-estimates  A,  an  error  on 
the  safe  side. 
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A  point  of  some  interest  is  to  consider  the  problem  suggested  by 
(9  a)  of  the  last  section  taking  the  modal  value  from  (VI),  i.e.  putting 

n 


(17)  then  becomes 


/     n     Y 

\n  +  m) 


X  =  -- 

n  -{-  m 


f/     m    y"         m     f     n     \  /    m    y'-i 
n         \\m  -\-  n)         n  -\-  1  \n  +  m)  \m  +  7iJ 

m(m-l)      /     n     ^  /     m     V-^  | 

^  (n+ l)(n  +  2)U  +  m/   V/^^  +  n/  J  ^     '' 

and  in  the  important  special  case  of  ni  =  n 

(J)2«  I  n  n{n—\)  n  (n  —  1)  (n  —  2) 

n   I  "^  wTi  "^  (w  + 1)  ('/r+"2)  "^  (rr+ 1)  (n  +  2)  (rr+  3)  •■ 

(19a)- 

The  series  in  (19  a)  is  readily  summed.     Call  it  F  (n).     Then 

2nl  {'2n)\  (2n)\  {2n)J 

n\n\       ^  '       n !  n !  "^  (n  +  1) !  (n  -  1) !  "^  {n  +  2) !  (n  -  2) !  "^  *•* 

—  n  2n    \     (  ^    ,    2«     I     /'     ,    2« 
^       Si  C  '^n  Ji.   t  n   2n 

Jo  -^ 

2  2  w !  9^ ! 


.•.^•(«)  =  |{(|^,-!.'^!  +  l} 


Substituting  in  (15)  we  have 

Applying  Stirliniif's  theorem  to  the  third  term  it  becomes  ^  —7=  , 

which  is  zero  when  n  is  infinite,  and  then  the  mode  divides  the  frequency 
into  equal  parts. 

For  usual  values  of  n  the  approximation  is  slow.     Thus 

?i  Value  of  (15)  n  Value  of  (15) 

1  ^    -2500  100     -4718 

2  *    -3125  500     -4874 
10       -4119 
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Reverting  for  a  moment  to  the  integral  in  the  denominator  of  (16), 
we  may  note  that  its  value  can  be  approximated  to  by  Laplace's  method 
of  putting 

\  y  .  dx=  Y  I  e 


'-'■'  ^^  .  (It. 
at 


Y  being  the  maximum  value  of  the  function  within  the  required  range, 

in  this  case  the  value  for  x  = —     ^  ,  if  a;  is  written  .  +  ^, 

n  +  m— I  n  +  m— 1 

t^  is  obtained  as  a  function  of  "^  and  then  *^  as  a  function  of  t  by 
reversion  of  series. 

The  result  to  a  first  approximation  only  is  that  the  integral  trans- 
forms to 

(n-  l)«-i(m-  2)»«  /•  _^,  V2 


~\e  * ; — -J  dt. 

in  +  m-l)[  -  +  , ~-  ) 

^  ^  \m-\-  I      (m  +  2  2/ 


(w  +  m  —  l)*'+^-i  .'         .  IX  /      1  m       \f 


(m  +  2)2, 

This  method   of  treatment  is,   of  course,   well  known.     We  can, 

however,  employ  the  method  of  the  last  section  and  investigate  the 

properties  oi  y  =  x'"~'^  {1  —  x)'^,  or  the  distribution  of  e~^,  where  the 

range  is  from  0  to  1. 

The  mode  is  at 

n- I  n- I 

and,  the  moments  about  the  start  of  the  curve  being  simply  successive 
B  functions  we  easily  find 

mean  =  ^_ri    (2^)' 

^{m+l)_ 

^''    (iv  +  r)2(iv  +  2) ^^^^' 

_  2n  [2^2  -  ^n  (N  +  1)  +  (N_+  1)^] 
^•■^  (iV+  l)3(A^  +  2)(iV  +  3)  ^     ^' 

A  comparison  of  the  mean  and  mode  shews  again  that  the  curve  is 
skew  for  all  finite  values  of  n  and  m  greater  than  zero.  The  transformed 
curve,  y  =  y^e'^'^  (1  —  e~^)'^  is,  of  course,  also  very  skew,  cf.  the  two 
distributions  shewn  in  Fig.  3. 

Finally  we  have  the  case  of  samples  of  different  sizes. 

Thus  if  iVj  samples  each  of  rij  c.c.  have  given  w^  negative  and  m^ 
positive  results,  N^  samples  each  of  ^g  c.c.  have  given  n^  negative  and 
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Fig.  W.  t'hart  showing  froiiuoiu'v  distributions  of  bacterial  densities  ior  1  positive 
out  of  2  and  2  positives  out  of  4  (I  e.e.  in  each  test).  The  area  of  eacli  eurve  is  10 
squares. 

>/^2  positive  results  and  ...  i\„  samples  of  (i„  c.c.  have  fjjiven  n„  and  ni„ 
negative  and  positive  results,  (14)  becomes: 

■^        Jo _^^ 

(23). 

This  expression  does  not  lend  itself  to  simple  treatment  in  the  oeneral 
case  but  in  anv  particular  case  it  may  furnish  a  solution  without  much 
ditlicultv.  The  arithmetic  may  however  prove  almost  unworkable.  In 
an  illustration  given  in  Section  \'  only  the  most  probable  values  of  the 
bacillary  density  have  been  approximately  determined  by  an  artifice. 
If  the  tests  are  not  repeated,  only  one  test  being  made  with  a  tube  of 
each  size,  the  expression  simplifies. 

On  the  general  question  of  the  best  series  of  sizes  of  tubes  to  use, 
when  the  waters  to  be  tested  may  present  so  great  a  range  between 
purity  and  the  reverse  that  the  use  of  different  sizes  seems  desirable, 
we  mav  make  a  few  remarks.  One  obvious  condition,  strangely  over- 
looked, is  that  the  size  of  any  one  sample  should  be  greater  than  the 
sum  of  the  sizes  of  the  smaller  samples.  Otherwise  the  observer  is 
simplv  asking  for  *' inconsistencies"  in  his  results.  A  geometrical  series 
fulfils  the  required  condition,  and  the  Metropolitan  Water  Board  have 
actually  used  a  geometrical  series  with  the  ratio  10  (0-01,  0-1,  1,  10,  100 
c.c).  This  ratio  seems  rather  a  high  one.  A  geometrical  series  seems 
also  a  natural  one  to  use  as  the  chance  of  an  inconsistence  is  the  same 
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at  every  point  of  the  series :  r  being  the  (ascendinf^)  ratio  of  the  series, 
the  chance  of  an  inconsistence  between  any  adjacent  pair  of  samples 
(the  hir<2;er  chiving  a  negative,  the  smaHer  a  positive)  is  J/(r  +  1). 

The  various  expressions  found  above  enable  us  to  solve  all  the 
problems  proposed  and  in  the  following  section  we  provide  a  few 
arithmetical  examples  of  their  use. 

(Section  V.     Numerical  Illustkations. 

(a)     The  cane  of  a  blank  aample. 

If  50  c.c.  were  tested  and  found  sterile  we  have  from  (3) 

(,-50.  _  1  _  p  or   -  SOfclog  e  -  log  (1  -  P). 
For  P  =  -5        this  gives  k  =  -01386. 

„    P  =-  -99         „         „     K^  -09210. 

„    P  =  -999       „         „     AC  =  -13816. 

„    P--9999     „         „     «:= -18420. 

So  that  the  chances  are  even  that  the  source  does  not  contain  more 
than  14  bacilli  per  litre.  It  is  99  to  1  that  there  are  not  more  than 
92  per  litre,  999  to  1  that  there  are  not  more  than  138  per  litre  and 
9999  to  1  that  there  are  not  more  than  184  per  litre. 

Had  150  c.c,  e.g.  a  sample  of  100  and  a  sample  of  50  both  proved 
sterile,  substitution  of  150  for  50  gives  for  the  corresponding  values 
per  litre,  5,  31,  46,  62. 

(6)     One  sample  is  sterile^  the  other  not. 

Suppose  100  c.c.  are  positive,  50  c.c.  sterile.  Then  using  (4)  the 
equation  to  be  solved  is 

1.5g-50K  _  .5e-i5o.  =  1  __  p. 

And  we  reach : 


p 

Bacilli  per  litre 

P 

Ba.cilli  per  litre 

5 

21 

•999 

146 

99 

100 

•9999 

•      192 

(c)     Rejjeated  Tests  ivith  Tubes  of  Equal  Volumes. 

As  a  first  illustration  we  take  Beveridge  and  Wanhill's  example  of 
10  samples,  each  1  c.c,  7  of  which  are  sterile  and  3  show  growth. 

Here  w  =  7,  m  =  3,  TV  =  10  so  that  by  (19  D)  and  (20)  the  mode 
of  the  X  distribution  is  at  -66667  and  the  mean  at  -63637.  That  is 
a  source  with  a  density  of  405  bacilli  per  litre  (from  e~^  =  -66667)  is 
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the  most  probable  state.  Ovvin^,  however,  to  the  marked  skewiiess  ot 
the  distribution,  this  result  is  of  little  service,  we  must  solve  (lO)  for 
different  values  of  1  -  P. 

If  we  wish  to  find  the  density  corresponding  to  P  =  -5,  -9,  -99  we 

have 

I -5 

12()i-7  -  315a;8  -f-  280/->  -  84a;i"  -1 

'•01. 

Thus,  takinji  the  last  case,  we  have 

f{x)  -  120X-7  -  315:c«  +  280x-«  -  84xi"  -  -01, 
/■'  [x)  -  840a;«  -  2520:^7  +  2520a;«  -  840x9, 

and  by  successive  approximation  we  tind  that  -297  lO  is  very  nearly 
a  root. 

Hence  from  e~'^  =  •29716  we  reach  1213  bacilli  per  litre:  the  odds 
are  99  to  1  that  the  density  of  the  source  does  not  exceed  this  value. 

The  densities  correspondin«»;  to  ati  even  chance  and  to  odds  of  9  to  1 
are  similarly  found  to  be  439  per  litre  and  802  })er  litre  respectively. 

In  Table  11  we  give  examples  of  the  significance  of  one  or  more 
sterile  tubes  in  a  series  of  2-4  samples. 

TABLE   II. 

Tables  iUuslrating  the  significance  of  one  or  more  blanks  in  two,  three, 
or  four  tests  on  1  c.c.  If  the  samples  are  of  n  c.c,  not  1  c.c,  divide 
the  numbers  of  bacilli  per  litre  6//  n. 

Two  tests. 


If  the  nuni 

ber  of  blanks  is 

The  probability  is 

1 

.) 

0-75  tliat  the  bacilli  per  litre  exceed 

GDO 

140 

0-50 

1230 

350 

"■-<^)         ,,             „             ,,            „ 

2050 

G'JO 

001 

.5300 

2300 

Most  probable  number  per  litre 

GDO 

nil 

Three  tests. 

If  the  iiuiuber  ot  blanks  is 

The  probability  is                               12  3 

0-75  that  the  baeiUi  per  litre  exceed              DUO           400  1)5 

0-50         „             „             „            „  15S0           OUO  230 

0-25         „             „             „           „  231)0         1120  400 

001         „             „             „           „  5700         2830  1540 

Most  probable  number  per  litre  1100           410  nil 


M.  Greenwood  and 

a. 

Udny 

Y 

Ul.E 

Four 

tests. 

If  the 

number  ( 

)f  blanks 

is 

I'lic  |H()l);il)ility  is 

1 

2 

3 

4 

0-75  thai  the  bacilli  i)cr  litre  (^xcocd 

1220 

610 

210 

•    70 

or)0 

1840 

950 

490 

•  170 

yj  ^<J             J,                  f,                  t,                  ,, 

2670 

1410 

780 

350 

001 

5990 

3170 

1960 

1150 

Most  probable  number  per  litre 

1390 

690 

290 

nil 

53 


As  stated  at  the  outset,  diverj^ences  in  the  numbers  of  tubes  forming 
different  workers'  series  arc  too  great  to  allow  us  to  calculate  any  single 
table  of  general  service.  But  the  arithmetical  examples  should  suffice 
to  enable  any  bacteriologist  to  construct  a  table  covering  his  own  series. 

(d)     Tubes  of  different  volufnes,  test  not  repeated. 

A  series  of  tubes  of  different  volumes  is  used  by  several  observers, 
e.g.  as  already  mentioned  Lelean,  and  Hewlett.  Comment  has  already 
been  made  on  the  inconvenient  character  of  the  series  used  in  each  of 
these  cases.  That  used  by  the  Metropolitan  Water  Board  is  a  simple 
geometrical  series  with  a  ratio  of  10,  viz.  100,  10,  1,  0-1,  0-01  c.c.  The 
ratio  is  high,  but  it  must  be  admitted  that  this  simplifies  the  work  of 
calculating  the  theoretical  significance  of  the  results;  we  have  already 
pointed  out  that  a  geometrical  series  seems  the  right  series  to  use. 

Writing  down  equation  (23)  in  its  simplified  form,  where  ^^  =  0 
and  m^,  =  1  or  conversely,  expanding,  and  retaining  only  the  first 
power  of  X  in  the  resulting  equation  we  find  the  following  approximate 
numbers  of  bacilli  per  litre : 


100 +  , 

100 +  ,  10  +  . 

100  +  ,  10  +  , 

100  +  ,  10  +  , 

rest  - 

rest- 

1  + ,  rest  - 

l  +  ,0-l  + 

P=0-5 

72 

720 

7260 

78940 

P  =  0-99 

424 

4245 

42820 

470150 

probable  numbers 

23 

"230 

2310 

24540 

The  values  of  A  are  nearly,  it  will  be  noticed,  but  not  quite,  a  geometric 
series. 

(e)     Repeated  tests  vnth  tubes  of  different  volumes. 

This  involves  the  determination  of  the  limiting  density  from  (23). 
As  an  illustration  we  take  the  following  series  from  one  of  the  Reports 
of  the  Metropolitan  Water  Board. 


Size  of 

Source  A 

Source  B 

Sample 

Negative 

Positive 

n 

egaiive 

Positive 

100  c.c. 

308 

30 

312 

21 

10  c.c. 

333 

5 

327 

6 

1  c.c. 

336 

2 

329 

4 

•1  c.c. 

338 

0 

333 

0 

•01  c.c. 

338 

0 

333 

0 
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It  seenit'd  diHiciilt  to  obtuin  in  this  case  even  fair  approximations 
to  the  vahies  ot"  the  bacillarv  density  for  given  vahies  ot"  /-'.  lUit  the 
following  method  gives  good  approximations  to  the  most  probable 
values.     Taking  the  expression 

Idy  ,  ,  aim.         ,  a^nu 

^c/A  "  -  (^^^'^1  -'  "^'^^  +  •••)  +  1  -  e-.  ^^      '  +  1  -  e-^ '     "  +  - 

for  the  most  probable  value.     For  Series  A  we  find  this  gives 


to' 
^,-lOOA  g-lOA  ^-\ 


-  31503-18  +  3000  J  _  ^_,„„,  +  50  ^-^„,  +  2  ^  _  ^., 


or  writing  e'''  =  x 


.10  2;^  00 


dearly  x'  is  near  unity,  as  the  value  on  tlie  right  is  so  large. 
Substitute  accordingly  z  ^  I  —  x  for  x  and  expanding  this  becomes 

z  102  —  452^  IOO2  —  450s- 

Or,  ignoring  ^- 

37,5552  -  37, 

2  =  0-000985, 
X  =  0-999015, 
A  -  0-965  per  litre. 

For  Series  B  we  find  to  a  similar  approximation  A  =  0-838  per  litre, 
or  the  water  from  Source  B  is  most  probably  slightly  purer  than  that 
from  Source  J,  though  there  is  no  practical  difference. 

As  a  glance  at  the  tw^o  series  suggests,  moreover,  they  are  not  con- 
sistent with  each  other.  Source  B,  if  the  better  water,  should  give 
fewer  positives  in  the  small  tubes  as  well  as  the  large.  Actually  it 
gives  much  fewer  in  the  large  tube,  but  more  in  the  small  ones.  Using 
the  above  values  of  A,  we  find  for  the  theoretical  as  against  the  actual 
distributions  of  positives : 

Size  of  Source  A  Source  B 

sample         Actual      Calculated      Actual      Calculated 
100  30  31-7  21  270 

10  5  3-3  6  2-8 

12-34  2 

It  looks  as  if  we  were  not  dealing  with  a  mere  chance  distribution 
from  water  essentially  of  constant  character,  but  with  occasional  slight 
contaminations  of  the  source. 
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XXIV.     ON    THE    CONCENTRATION    OF 
ANTITOXIC    SERA. 

By   ANNIE   HOMER. 

From  the  Lister  Institute,  Elstree. 
[Received  May  'J2nd,  1916.) 

Of  the  various  methods  which  have  from  time  to  time  been  proposed  for 
the  concentration  of  sera,  those  deveU)ped  by  Banzhaf  have  been  most  widely 
adopted  on  a  commercial  scale.  In  this  communication  it  is  only  necessary 
to  refer  to : 

A.  The  Banzhaf -Gibson  [1907]  Tivo  Fraction  Method,  in  which  serum  or 
plasma,  diluted  with  one-third  its  volume  of  water,  was  heated  to  a  temperature 
of  57°  for  15  hours,  or  of  58°  for  7  hours.  The  liquid  was  then  made  30 
per  cent,  of  saturation  with  ammonium  sulphate^  and  the  ensuing  precipitate 
(Fraction  I)  separated  by  filtration. 

The  Fraction  I  precipitate  was  suspended  in  saturated  brine  solution  for 
18  hours  or  longer.  The  hquid  was  filtered  from  the  insoluble  euglobuhn 
and  the  filtrate,  containing  in  solution  the  pseudoglobuhn  and  antitoxin 
which  had  been  present  in  the  Fraction  I  precipitate,  was  made  0-25  per  cent, 
with  glacial  acetic  acid.  The  ensuing  precipitate  was  filtered,  pressed  and 
dialysed. 

The  filtrate  from  Fraction  I  was  made  51:  per  cent,  of  saturation  with 
ammonium  sulphate  and  the  precipitate  (Fraction  II)  thus  formed  was 
filtered,  pressed  and  dialysed. 

The  dialysis  residues  from  Fractions  I  and  II  were  mixed,  the  retiuisite 
amount  of  salt  and  preservative  added,  and  finally  filtered  ready  for  distribu- 
tion. This  method  has  been  used  in  these  laboratories  for  some  considerable 
time  and  it  has  been  found  that  by  this  process  a  good  end  product  can  be 

1  Throughout  this  paper  the  phrase  "  made  x  per  cent  of  saturation  with  ammonium  sulphate" 
has  been  used  to  indicate  the  following:  To  100 -x  parts  of  the  serum  by  vohime  there  were 
added  x  parts  by  vohime  of  a  saturated  aqueous  solution  of  ammonium  sulphate. 
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obtained  which  remains  clear  for  years.  Care  must,  however,  be  taken  in 
the  first  precipitation,  as  otherwise  some  of  the  insoluble  globulin  passes  on 
and  appears  in  the  final  product  which,  in  this  case,  docs  not  remain  clear. 

B.  Banzhafs  [1913]  One  Fraction  Method,  in  which  serum  or  plasma, 
diluted  with  half  its  volume  of  water  and  made  30  per  cent,  of  saturation 
with  ammonium  sulphate,  is  brought  up  to  a  temperature  of  60°,  the  entire 
heating  process  taking  about  two  hours. 

According  to  Banzhaf  the  filtration  of  the  hot  serum  mixture  should 
proceed  rapidly.  The  precipitate  of  euglobulin  is  pressed  well  or  is  washed 
with  33  per  cent,  saturated  ammonium  sulphate;  the  washings  are  filtered 
and  added  to  the  main  bulk  of  the  filtrate  which  is  then  made  50  per  cent,  of 
saturation  with  ammonium  sulphate.  The  ensuing  precipitate,  consisting  of 
pseudoglobulin  and  antitoxin,  is  filtered,  pressed,  dialysed,  and  the  dialysis 
residues  treated  in  the  same  way  as  in  the  Banzhaf-Gibson  process. 

Banzhaf  considers  that,  during  the  shortened  heating  of  the  mixture  in 
the  new  method,  a  certain  amount  of  pseudoglobulin  is  converted  into 
euglobulin,  and  bases  this  conclusion  on  his  own  experiments  [1908].  The 
effect  of  heating  the  serum  mixtures  is  thus  to  ensure  the  precipitation  of 
an  amount  of  euglobulin  which  ordinarily  would  require  a  higher  percentage 
of  ammonium  sulphate  for  precipitation,  and  which  does  not,  as  would  happen 
in  the  latter  case,  carry  down  with  it  an  appreciable  amount  of  pseudoglobulin 
and  antitoxin. 

Banzhaf  claims  that  the  new  process  possesses  the  following  advantages 
over  the  former  Banzhaf-Gibson  process. 

(1)  There  is  only  one  finished  product  for  dialysis. 

(2)  There  is  a  considerable  saving  of  time  for  the  reason  that  the  first 
precipitate  (30  per  cent,  of  saturation  with  ammonium  sulphate),  instead 
of  being  subjected  to  the  more  lengthy  process  of  extraction  with  saturated 
brine  and  subsequent  precipitation  of  the  brine  extract  with  acetic  acid, 
is  washed  with  33  per  cent,  ammonium  sulphate  and  the  washings  added  to 
the  main  filtrate. 

(3)  The  expenses  incurred  in  the  process  are  considerably  less,  both  as 
regards  labour  and  the  use  of  precipitating  materials,  etc. 

This  new  method  certainly  possesses  the  advantage  of  being  a  much 
shorter  process  than  the  former  Banzhaf-Gibson  method,  but  unfortunatel}* 
it  is  not  always  easy  to  work.  The  difficulty  that  sometimes  arises  in  carrying 
out  the  process  is  that  the  serum  will  not  filter  well.  This  difficulty  has  arisen 
in  the  course  of  my  work  both  in  an  English  and  in  a  Canadian  laboratory ;  in 
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the  latter  laboratory  I  had  the  advantage  of  consulting  Dr  Banzhaf  personally 
about  the  matter.  He  suggested  that  a  slight  alteration  in  temperature  or 
in  the  concentration  of  ammonium  sulphate  might  be  tried  to  overcome 
the  difficulty,  but  these  suggestions,  although  of  value  in  some  cases,  did  not 
always  provide  a  satisfactory  solution  to  the  problem.  The  majority  of 
workers  on  the  subject  with  whom  I  have  discussed  the  question  have  been 
faced  with  the  same  irregularity  in  concentrations  by  Banzhaf's  new  method. 

Practical  experience  shows  that  the  production  of  a  readily  filterable 
end  product  which  will  remain  almost  permanently  clear,  goes  hand  in  hand 
with  the  rapid  filtration  of  the  serum  mixtures  after  the  preliminary  heating 
process.  When  the  heated  mixtures  filter  with  difficulty  it  is  in  some  cases 
necessary  to  allow  the  dialysed  pseudoglobulin-antitoxin  precipitate  to  stand 
in  the  ice  chest  for  weeks  in  order  that  the  opalescent  suspension  therein 
may  settle — otherwise  filtration  through  filter  candles  is  accomplished  with 
great  difficulty  and,  moreover,  the  final  product  will  not  remain  clear. 

This  delay  is  a  great  disadvantage,  and  is  one  which  nullifies  any  gain 
in  time  which  should  accrue  from  the  fact  that  there  is  only  one  fraction  to 
be  considered. 

It  was  obvious  that  the  technique  of  the  new  process  called  for  improvement 
or  for  enlargement,  and  in  this  laboratory  we  have  ascertained  that  the  above 
mentioned  irregularities  in  the  filtration  can  be  obviated  by  the  addition  of 
sodium  chloride  to  the  serum  mixtures,  as  described  below. 

The  serum  or  plasma  is  diluted  with  one-half  its  volume  of  water,  made 
30  or  31  per  cent,  of  saturation  with  ammonium  sulphate  and  to  the  mixture 
is  added  1*5  per  cent,  of  solid  sodium  chloride.  The  temperature  of  the 
mixture  is  gradually  raised  to  61°,  03°  or  even  65°  and  kept  at  this  point 
for  a  few  minutes  only.  The  mixture  is  allowed  to  cool  to  40°-45° 
and  filtered. 

In  every  case  the  filtration  of  this  hot  mixture  and  of  the  subsequent 
50  per  cent,  saturation  proceeds  rapidly.  The  liquid  obtained  after  dialysis 
of  the  pseudoglobulin-antitoxin  precipitate  shows  no  sign  of  the  presence 
of  an  opalescent  colloidal  suspension.  After  filtration  through  muslin  it  is 
as  clear  to  the  naked  eye  as  though  it  had  already  been  passed  through 
paper  pulp.  On  standing  in  the  ice  box  these  dialysis  residues  remain 
clear  as  there  is  nothing  in  opalescent  suspension  to  be  deposited. 

On  the  addition  of  cresylic  acid  or  tricresol  to  the  dialysis  residues  a 
certain  amount  of  precipitate  is  formed  in  all  cases.  In  the  batches  of  con- 
centrated serum  to  which  the  1-5  per  cent,  of  solid  sodium  chloride  has  been 
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added  this  deposit  is  exceedingly  slight,  even  after  the  serum  has  stood  many 
weeks.  Such  a  serum  may  undergo  its  final  filtration  through  pulp  and  filter 
candles  almost  at  once :   the  end  product  will  remain  perfectly  clear. 

By  the  addition  of  1-5  per  cent,  sohd  sodium  chloride  to  the  serum  mixtures 
we  have  so  far  obtained  a  satisfactory  end  product  with  certainty  and  the 
loss  of  antitoxic  units  has  been  very  smad;  a  most  important  item  to  be 
considered  in  assessing  the  value  of  any  method.  From  incomplete 
experiments  we  have  reason  to  believe  that  by  a  further  study  of  the 
dilution  of  the  plasma,  of  the  concentration  of  the  ammonium  sulphate  and 
of  sodium  chloride  and  of  the  general  treatment  of  the  mixture,  we  may 
be  able  to  reduce  the  loss  of  antitoxin  to  a  minimum  and  at  the  same 
time  produce  a  much  better  end  product. 

At  Dr  MacConkey's  suggestion,  an  effort  has  been  made  to  control  the 
heating  of  the  serum  by  means  of  the  immersion  refractometer,  in  order  to 
see  if  some  easy  indication  might  be  obtained  as  to  the  best  point  at  which 
to  interrupt  the  process.  This  appeared  hopeful  in  view  of  Banzhaf's  ex- 
planation of  the  effect  of  heating.  However,  the  results  obtained  from  the 
use  of  this  instrument,  of  which  the  reliabihty  and  accuracy  have  been  well 
estabhshed,  have  demonstrated  that  no  useful  indication  was  forthcoming, 
for,  contrary  to  Banzhaf's  hypothesis,  during  the  heating  process  there  is 
no  appreciable  change  in  the  amount  of  protein  in  solution  in  the  serum 
mixture.  This  result,  not  entirely  unsuspected,  has  led  to  some  interesting 
investigations  which  have  been  carried  out  with  routine  and  with  experimental 
batches  of  serum  in  order  to  elucidate: 

I.  The  value  of  the  heating  process  in  the  new  One  Fraction  Method. 

II.  The  part  played  by  the  sodium  chloride  in  improving  the  technique 
of  Banzhaf's  new  process. 

I.      The  value  of  the  heating  'process  in  the  Banzhaf  new  One  Fraction  Method. 

As  previously  stated,  it  was  originally  hoped  that  a  study  of  the  refractive 
indices  of  the  filtrates  of  samples  taken  from  the  serum  mixtures  from  time 
to  time  during  the  heating  process  would  indicate  the  point  at  which  optimum 
conditions  for  filtration  had  been  reached.  With  this  object  in  view  the 
following  procedure  was  adopted. 

Routine  concentrations  were  carried  out  in  which  serum  or  plasma, 
diluted  with  one-half  its  volume  of  water,  and  made  30  per  cent,  of  saturation 
with  ammonium  sulphate,  was  heated  to  a  temperature  of  61°,  63°,  65°  and 
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kept  at  the  specitieil  teniperature  for  a  few  minutes  only,  the  process  taking 
from  2  to  3  liours  in  all.  Samples  of  the  original  plasma  and  of  the  plasma 
mixtures  at  various  stages  during  the  heating  process  were  taken.  Tlie 
samples  were  filtered  and  the  refractive  indices  of  the  clear  filtrates  were 
measured  by  means  of  the  Zeiss  Immersion  Refractometer.  In  each  case 
the  clear  hquid,  thus  examined,  was  boiled  and  filtered  and  the  refractive 
index  of  the  second  filtrate  which  contained  the  serum  salts  and  ammonium 
sulphate  in  solution,  was  noted.  The  amount  of  protein  in  solution  in  the 
serum  mixture  was  calculated  from  the  difference  between  the  values  of  the 
refractive  index  of  the  whole  serum  mixture  and  of  the  filtrate  containing 
the  serum  salts. 

TABLE   I. 

Oxalaled  plasma  diluted  with  half  its  volume  of  water  ami  made  31  per  cent, 
of  saturation  ivith  aynmonium  sulphate.  The  mixture  was  heated  to  63° 
and  kept  at  that  temperature  for  about  five  minutes. 


Protein  Content  of  the  Original  Plasma 


745  per  cent. 


me 

of 

ires 

Temperature 

of 

mixtures 

Scale  Divisions  of  R 
Measurement 

.'fractometer 
s  of: 

Duration  of  t 
of  lieatiii«f 
plasma  mixti 

(a)  The  filtrates 
from  the 
mixtures 

(6)  The  filtrates 
(a)  diluted  with 
an  ecjuai  volume 
of  water,  boiled 
and  filtered 

0 

16° 

98-65 

51-50 

1  hr  50' 

53-5^ 

98-72 

51-50 

2  lus  5' 

57° 

98-55 

51-40 

2  hrs  20' 

59° 

98-56 

51-50 

2  hrs  40' 

61° 

98-50 

51-60 

2  hrs  45' 

62° 

98-85 

51-70 

2  hrs  55' 

63° 

98-90 

51-60 

INneent.  of  protein 

remainiuif  in 
solution  ex])ressed 
per  100  cc.  of  the 
original  plasma 

511 
515 
5-16 
5-16 
5-09 
5-11 
5-13 

These  results  have  been  calculated  from  the  values  given  in  Reiss'  table  [1904|.  For  purposes 
of  comparison  it  has  been  assumed  throughout  this  research  that  in  serum  mixtures  containing 
from  0  to  4  per  cent,  of  protein  the  difference  in  ])iotein  content  for  1  scale  division  =  0-220  per 
cent.;    from  4  to  8  per  cent,  the  ditterence  for  1  scale  division  =^0-2175  per  cent. 

Brailsford  Robertson  [1915]  considers  that  Reiss'  figures  are  somewhat  high,  but  since  in  the 
present  investigation  the  rehitive  chanije  only  in  the  protein  content  of  the  serum  mixture  is  to 
be  investigated  it  follows  that  it  is  quite  immaterial  whether  Reiss'  values  are  above  or  below 
the  true  value. 


An  examination  of  the  results  from  a  typical  concentration  given  in 
Table  I  shows  that  during  the  heating  process  there  was  no  appreciable 
change  in  the  refractive  indices  of  filtrates  of  the  serum  mixtures  heated  from 
room  temperature  to  63°  or  65°  and  kept  at  these  latter  temperatures  for 
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5  or  10  niiimtcs.  The  very  slight  changes  observed  may  have  been  due  to 
the  effect  of  heating  the  serum  itself  (post  p.  301  and  Table  XIV). 

Banzhaf  seems  to  consider  that  the  value  of  the  heating  lies  in  the 
conversion  of  soluble  pseudoglobulin  into  a  further  amount  of  euglobulin, 
and  that  the  rapid  filtration  of  the  serum  mixture  depends  upon  the  success 
of  this  conversion .  Had  there  been  any  such  change  in  the  amount  of  protein 
remaining  in  solution  in  the  serum  mixture,  there  should  have  been  corre- 
sponding variations  in  the  refractive  indices  of  the  solution.  But,  as  no 
change  occurred  in  this  physical  property  of  the  mixtures  one  must  conclude 
that  a  certain  amount  of  euglobulin  is  thrown  out  of  solution  on  the  addition 
of  the  ammonium  sulphate  at  room  temperature,  and  that  this  amount  is 
not  further  increased  during  the  heating  process. 

Since  the  conversion  of  pseudoglobulin  to  euglobulin  apparently  does  not 
occur  during  the  heating  process,  it  is  not  improbable  that  the  value  of  the 
heating  lies  in  its  complete  aggregation  of  the  particles  of  precipitated 
euglobuUn  into  conglomerates  of  such  dimensions  that  they  are  readily 
retained  on  the  surface  of  filter  paper.  The  advantage  of  rapid  over  slow 
preliminary  heating  of  the  serum  mixture — i.e.  up  to  57° — in  producing  an 
easy  filtering  fluid,  is  most  readily  explained  on  the  same  ground.  If  the 
heating  were  insufiicient  the  smallest  particles  would  pass  the  filter,  while 
the  slightly  larger  would  actually  engage  and  block  the  pores,  producing  an 
ultra  filter  which  would  impede  or  even  stop  filtration. 

With  the  object  of  testing  the  correctness  of  these  hypotheses,  the  following 
experiments  were  accordingly  instituted. 

Experiment  I.  Separate  volumes  of  plasma,  undiluted  or  diluted,  were 
made  20,  ...  54  per  cent,  of  saturation  with  ammonium  sulphate.  The 
refractive  indices  of  these  mixtures  were  measured  and  the  protein  still 
remaining  in  solution  after  the  addition  of  the  various  amounts  of  ammonium 
sulphate  solution  was  calculated,  the  results,  for  the  purposes  of  comparison, 
being  expressed  in  terms  of  the  original  plasma. 

The  various  mixtures  were  then  heated  to  a  temperature  of  61°  or  63° 
according  to  the  directions  given  in  Banzhaf's  paper,  and  the  protein  contents 
of  the  filtrates  from  samples  of  the  mixtures  were  measured  at  the  end  of  the 
heating  process.  The  results  have  been  embodied  in  Tables  II,  III,  IV,  and  V 
and  in  Figure  1. 

(a)  The  curve  plotted  in  Figure  1,  giving  the  relation  between  the 
concentration  of  ammonium  sulphate  in  the  mixtures  and  the  amount  of 
protein   remaining  in  solution,  shows  that   precipitation  occurs   mainly  at 


'2m 


A.    HOMIlii 


percentages  of  saturatiou  with  aiiaaoiiiuiii  Mulphate  greater  tliiui  28. 
However  the  gratlient  of  the  curve  indicates  no  critical  points  fur  the 
precipitation  of  the  eu-  or  pseiido-globuhn  fraction  or  (jf  the  serum  alhuniins. 
{b)  After  heating  the  mixtures  containing  concentrations  of  ammonium 
sulphate  of  less  than  28  per  cent,  of  saturation,  clear  lic^uids  could  n(jt  be 
obtained— the  filtrates  remained  permanently  opalescent  and  even  on  long 
standing  the  particles  of  the  suspension  did  not  coagulate  sufficiently  to  be 
retained  by  filter  paper. 
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Fig.  1.  Curves  showing  changes  induced  in  the  solubihty  of  the  proteins  in  serum  mixtures 
made  various  percentages  of  saturation  with  ammonium  sulphate  during  the  process 
of  heating  the  mixtures  just  to  a  temperature  of  <)1'^  and  keeping  them  at  that 
temperature  for  a  few  minutes  only. 

The  curve  — — ^^  represents  the  amount  of  protein  remaining  in  solution  in  the  mixtures 
made  various  percentages  of  saturation  with  (^1^4)2^04  at  room  temperature. 

The  curve  —  —  represents  the  amount  of  protein  remaining  in  solution  in  the  mixtures 
made  various  percentages  of  saturation  with  (NH4)2S04  and  heated  just  to  (iF. 

((')  If  the  mixtures  were  kept  at  a  temperature  of  61°  or  63°  for  a  few 
minutes  only,  as  advocated  by  Banzhaf,  there  was,  during  the  heating  process, 
no  appreciable  change  in  the  protein  content  of  the  solution  indicated  by 
the  refractometer  (Tables  II  and  III). 

(d)  If  the  mixtures  were  kept  at  a  temperature  of  61°  or  63°  for  three- 
quarters  of  an  hour,  or  longer  (Table  IV),  then  there  was,  during  the  heating 
process,  a  considerable  change  in  the  amount  of  protein  in  solution. 

(e)  If  undiluted  plasma  were  made  various  percentages  of  saturation 
with  ammonium  sulphate  and  the  mixtures  heated  to  63°  and  kept  at  that 
temperature  for  a  few  minutes  only,  there  was  no  appreciable  change  in  the 
protein  content  of  the  solutions  during  the  heating  process  (Table  V). 
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TABLE    II. 

O.nthi/cd  jtlttsnin  inis  diliilcd  irilh  ImlJ  lis  volume  of  ivdler  and  made  various 
percentages  of  saluration  with  ammonium  sidpha/e.  The  mixtures  were  then 
heated  to  a  tcmjH-ralurc  o/'01°  and  kept  al  Ihul  I  emperature  for  a  few  minutes, 
the  hcalimi  process  Idknuj  two  hours  in  all. 

Ilcsidiial  |)crc(>nla|,'(^  of  piotciii  in 


so 

iiition,  (; 

a  leu 

aled 

from   the 

re- 

Percenta^e 

fr< 

ictoni(;tc' 

r    re 

adin^f 

s    of    the 

fil- 

eonv(!rHion  of 

trates    of 

the 

mixtunw    and 

ex- 

Holiihle  into 

Pcrconta^o  of 

prosHO(l,for 

purpf)!JeH  of  comparison. 

ivyoluhle 

saturation  with 

in 

t(;nns  o 

f  the 

!  ori^f 

nal  pla.sma' 

protein  during 

aniTnoniiiin 

^, 

th(!  heating 
process 

sulplial(^ 

(roij; 

;foro  heating 

(/>) 

After  heating 

Original  plasma 

6-49 

20 

6-30 

(I- 10 

3-2 

24 

6-91 

5-80 

1-9 

2G 

5-89 

5-79 

1-6 

28 

5-84 

561 

40 

:jo 

5-85 

5-76 

1-6 

31 

5-53 

5-36 

31 

32 

618 

512 

11 

33 

5-18 

504 

2-7 

34 

4-78 

4-69 

1-9 

36 

4-25 

412 

31 

38 

3-84 

3-74 

2-6 

40 

2-80 

2-86 

-21 

44 

2-02 

1-90 

6 

48 

1-90 

1-90 

0 

^  Throughout  these  tables  it  has  not  been  deemed  necessary  to  make  corrections  for  the  fact 
that  the  addition  of  x  cc.  of  ammonium  sulphate  solution  to  100 -.r  cc.  of  serum  does  not 
necessarily  yield  a  volume  of  100  cc.  of  mixture. 


TABLE  III. 

Oxalated  plasma  was  diluted  with  half  its  volume  of  water  and  made  various 
percentages  of  saturation  with  ammonium  sulphate.  The  mixtures  were 
heated  to  a  temperature  of  63°  and  kept  at  that  temperature  for  a  few  minutes. 


Percentage  of 

saturation  with 

ammonium 

sulphate 

Original  plasma 
25 
28 
29 
30 
32 
34 
35 
40 
46 
48 
50 


Residual   percentage   of    protein   in 

solution,  calculated  from  the  ref  racto- 

meter   readings    of   the   filtrates    of 

the    mixtures    and    expressed,    for 

purposes  of  comparison,  in  terms  of 

the  original  plasma 

-^ ^ 

(a)  Before  heating        (6)  After  heating 

8-36 

7-35         (Too  opalescent  to  be  read) 

7-33  6-98 

6-81  6-52 

6-08  5-92 

5-92  5-61 

5-48  5-44 

5-24  511 

4-83  4-68 

3-39  3-31 

208  214 

1-31  1-31 


Percentage 

conversion  of 

soluble  into 

insoluble 

protein  during 

the  heating 

process 


50 
4-3 
2-7 
5-3 
0-74 
2-5 
31 
2-4 
-3 
0 
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TABLE   IV. 

(halateil  plasnui  dilated  ivith  half  its  volume  of  water  ivan  made  various 
percentages  of  saturation  with  ammonium  sulphate.  The  mixtures  were 
heated  /o  61°  or  63°  and  kept  therefor  three-quarters  of  an  hour. 

Residual  percentasre  of  protein  in 
solution,  calculated  from  the  refraeto- 
meter  readings  of  the  filtrates  of 
the  mixtures  and  expressed,  for 
purposes  of  comparison,  in  terms  of 
the  original  plasma 


(«)  Before 

Percentage  of 

heating 

saturation  with 

(NH,,),S04 

Original  plasma 

G-49 

30 

5-7G 

33 

519 

34 

4  SI 

(6)  After       (r)  After  0-75  hr 
heating  just  further 


to  or 


5-63 
502 
4G7 


heating  at 
61^  or  63° 


4-281 
3-782 
3-553 


Percentage  converBion 

of  noluble  into 

insobihle  j)rotein 

during  the  heating 

process  in  period ■< 


(6) 

2-3 
3-3 

31 


(0 

25-7 
27-2 
2f>  1 


1  Heated  to  Gl^  for  1  hour.        -  Heated  to  ()2'  for  0-75  hour. 


3  Heated  to  C3^  for  0-7")  hour. 


TABLE   V. 

Undiluted  oxalated  plasma  was  made  various  jyercentages  of  saturation  ivith 
ammonium  sidphate.  The  mixtures  were  heated  to  a  temperature  of  63° 
and  kept  at  that  temperature  for  a  few  minutes  ordy. 


Percentage  of 

saturation 

with  (NHJ.SO4 

Original  plasma 
28 
30 
31 
32 
33 


Residual  percentage  of  protein  in 
solution,  calculated  from  the  refracto- 
meter  reatlings  of  the  filtrates  of  the 
mixtures  and  expresseii,  for  purposes 
of  com})arison,  in  terms  of  the  original 
plasma 


(«)  Before  heating 

7-14 
G-23 
5-98 
5-73 
5-33 
5-17 


(6)  After  heating 

5-97 
5-83 
5-43 
4-98 
4-90 


Percentage 
conversion  of 

soluble  into 
insoluble  protein 

during  the 
heating  process 

42 
2-4 
5-3 
6-6 
5-3 


Experiment  II.  That  there  was  no  appreciable  change  in  the  pseudo- 
glob  nhn  content  of  the  mixtures  during  the  process  of  heating  was  demon- 
strated gravimetrically  as  follows. 

Several  volumes  of  plasma,  both  diluted  and  undiluted,  were  taken  and 
to  them  was  added  respectively  ammonium  sulphate  solution  in  quantity 
to  make  a  series  of  percentage  solutions  of  varying  concentration.  Each 
series   was   duplicated.     The   same   process    was   carried   out    with   serum. 
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Of  the  duplicates  of  each  mixture  the  one  was  dialy.scd  witliout  heating  and 
the  other  previous  to  dialysis  was  heated  to  a  temperature  of  01"  or  63°, 
and  kept  thei-e  foi"  a  few  minutes  only.  Aft(M-  dialysis  the  residues  were 
made  up  to  a  certain  volume,  ali((uot  parts  of  the  clear  li(juid  were  taken 
and  gravimetric  estimations  were  made  on  the  protein  contained  therein. 
Two  protein  estimations  were  made  on  each  dialysis  residue: 

{(t)     The  total  protein  present  soluble  in  saturated  brine; 

(h)  The  total  amount  of  protein  present  not  precipitated  by  50  per 
cent,  saturated  ammonium  sulphate. 

In  some  cases  the  total  protein  in  solution  in  the  dialysis  residues  was 
estimated  gravimetrically  and  also  by  means  of  the  refractometer.  Gravi- 
metric estimations  were  invariably  shghtly  higher  than  those  obtained  from 
the  refractometer  readings,  thus  indicating  that  in  the  dialysis  residues  there 
is,  in  colloidal  suspension,  a  certain  amount  of  insoluble  euglobulin,  the 
particles  of  which  are  too  small  to  be  retained  by  filtration  through  paper. 

The  gravimetric  estimations,  collected  in  Table  VI,  confirm  the  evidence 
obtained  from  the  use  of  the  refractometer  that  there  has  been  no  appreciable 
conversion  of  pseudoglobulin  into  euglobulin  during  the  heating  process. 

The  evidence  thus  afforded  in  Experiments  I  and  II  indicates  that 
Banzhaf  s  supposition  that  the  heating  process  in  his  new  method  serves 
to  convert  some  of  the  pseudoglobulin  into  euglobuHn  does  not  provide 
such  an  explanation  of  the  changes  taking  place  as  can  be  verified  by  quanti- 
tative examination. 

At  first  sight  it  is  difficult  to  reconcile  the  conclusions  thus  to  be  drawn 
from  a  study  of  these  data  with  the  obvious  fact  that,  during  the  heating 
process  of  the  serum  mixture  the  bulk  of  the  precipitate  visibly  increases. 
The  following  experiment,  however,  serves  to  throw^  light  on  this  apparent 
paradox. 

Experiment  III.  Serum  mixtures  were  made  from  25  to  54  per  cent, 
of  saturation  with  ammonium  sulphate  and,  after  standing  at  room  tempera- 
ture in  stoppered  flasks  for  2  or  3  hours,  were  filtered.  The  clear  filtrate 
was  divided  into  two  portions  and  kept  in  stoppered  flasks.  In  the  one 
portion,  w^hich  stood  at  room  temperature  for  several  days,  the  clear  liquid, 
within  a  few  hours,  became  cloudy,  and  there  was  then  a  deposition  of  solid 
protein  which  gradually  increased  in  bulk.  The  other  portion  was  heated 
to  63°  (two  and  a  half  hours  being  taken  just  to  reach  that  temperature) 
and  in  every  case  a  precipitate  was  formed,  although  at  dilutions  below 
28  per  cent,  of  saturation  with  ammonium  sulphate  the  precipitate  was  so 
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finely  dividtvl  tliat  tlie  liquid  could  not  he  filtered  cleai-  for  rcfractometer 
readiii<jjs.  in  ;dl  cases,  whether  the  filtrates  had  been  heated  or  not,  although 
there  was  the  visible  foniiiitioii  of  solid  matter  from  the  previously  clear 
filtrate,  there  was  no  cliaii^e  in  the  refractive  indices  of  the  solutions,  thus 
indicating  no  further  change  in  the  protein  content  of  the  solution  after  the 
immediate  effect  due  to  the  addition  of  the  electrolyte  at  room  temperature. 
Moreover,  this  delayed,  slowly  forming,  precipitate  was  not  a  special  feature 
of  the  mixtures  containing  a  percentage  of  saturation  with  ammonium 
sulphate  insufficient  to  precipitate  completely  the  euglobulin  from  solution, 
i.e.  up  to  33  per  cent,  of  saturation  with  ammonium  sulphate,  for  it  occurred 
in  all  of  the  ammonium  sulphate-serum  mixtures. 

We  are  therefore  led  to  no  other  conclusion  than  that  the  effect  of  heating 
the  serum  mixtures  just  to  61°  or  63°  merely  serves  to  accelerate  a  change 
which  takes  place  slowly  at  ordinary  room  temperature,  and  that  whatever 
this  change  may  be,  it  is  not  concerned  with  the  conversion  of  the  pseudo- 
globulin  into  the  euglobulin. 

Light  may  however  be  thrown  on  the  question  by  a  consideration  of  the 
following  observations.  Proteins  belong  to  the  hydrophile  type  of  colloids, 
and  in  solution  form  an  emulsoid  system.  It  has  been  demonstrated  by 
Chick  and  Martin  [1913]  and  others  that  if  a  high  concentration  of  electrolytes 
be  added  to  a  solution  of  a  protein,  there  is  withdrawal  of  water  from  the 
internal  phase  of  the  emulsoid  system,  and  if  the  withdrawal  be  sufficient, 
this  phase  becomes  rigid  and  is  eventually  precipitated.  In  the  salting  out 
of  proteins  the  emulsoid  is  thus  first  converted  into  a  suspensoid  system. 
Applying  these  observations  to  the  salting  out  of  serum  proteins,  it  is  probable 
that  in  the  fractional  precipitation,  with  additions  of  ammonium  sulphate 
to  less  than  33  per  cent,  of  saturation,  the  euglobulin  is  first  changed  from  the 
emulsoid  to  the  suspensoid  type  of  colloid :  the  suspensoid  is  in  part  converted 
into  a  suspension  and  the  latter  settles  as  a  precipitate.  The  protein  thus 
converted  into  a  suspensoid  or  suspension  will  no  longer  have  a  marked 
effect  on  the  viscosity  or  on  the  refractive  index  of  the  solution — even  though 
the  particles  be  neither  visible  to  the  naked  eye,  nor  retained  by  filter  paper. 

The  experimental  evidence  given  above  (Experiment  III)  shows  that 
the  complete  agglutination  of  the  particles  of  the  suspensoid  to  those  of 
a  perceptible  precipitate  takes  place  slowdy  at  ordinary  temperatures,  and 
that  the  effect  of  heating  the  Hquids  in  the  new  process  merely  serves  to 
increase  the  velocity  of  this  change.  Clearly  then,  the  change  thus  taking 
place  is  not  that  suggested  by  Banzhaf,  viz.  the  conversion  of  pseudoglobulin 
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into  eiiglobuliii,  but  liither  a  more  siniplo  pliysical  process  involving  the 
agglutination  of  the  particles  of  euglobuhu  already  thrown  out  of  eniulsoid 
suspension  by  the  ammonium  sulphate.  This  agglutination  permits  of  easy 
separation  of  the  euglobulin  by  filtration  through  paper. 

If,  for  some  reason  or  other,  in  the  routine  concentrations  of  batches 
of  sera  or  plasma,  the  precipitated  euglobulin  is  not  completely  agglu- 
tinated  during  the  heating  process,  then  difficulties  will   be  encountered  in 

TABLE   VII. 

Experiment  to  demonstrate  the  poiver  of  insufficienth/  agglutinated  particles  in 
a  badly  filtering  heated  serum  mixture  to  convert  an  ordinary  filter  paper 
into  an  ultra  filter. 

Oxalated  plasma,  diluted  with  half  its  volume  of  water  and  matie  various  percentages  of 
saturation  with  ammonium  sulphate  had  heen  lieated  just  to  GI'".  The  serum  mixtures  filtered 
batlly;  at  first  there  was  an  opalescent  filtrate  but  the  filtration  soon  slackened  and  almost 
ceased. 

The  protein  content  of  the  first  opalescent  filtrate  was  estimated  and  compared  with  that 
of  the  slowly  fortning  clear  drops  of  filtrate  collected  a  short  time  before  the  filtration  ceased. 

Residual  percentage  of  protein  in 
solution  calculatt'd  from  tiu'  refracto- 
meter  readings  of  tiie  filtrates  of  the 
mixtures  and  expressed,  for  purposes 
of  comparison,  in  terms  of  the  original 
plasnui 


(a)  Before 
heating 

(6)  After  heating 

A 

The  self  made 
ultra  tilter 

Percentage 

of  saturation 

with  (NH4)o804 

(i)  First  fil- 
trate slightly 
opalescent 

(ii)  Clear  drops 

just  before 

filtration 

ceased 

has  erti'cted 
the  lemoval  of 
soluble  protein 
to  the  extent  of 

Original  plasma 

649 

24 

5-91 

5-80 

4-G8 

20-8  % 

2(5 

5-89 

5-80 

4t)9 

20-3  % 

28 

5-84 

501 

4-80 

16-8  % 

30 

5-85 

5-70 

5-30 

9-5  % 

31 

5-53 

5-30 

5-22 

5-6  % 

the  subsequent  process  of  filtration.  Some  of  the  insufficiently  agglutinated 
aggregates  readily  pass  through  the  pores  of  the  filter  paper,  while  others, 
not  sufficiently  large  to  be  retained  on  the  surface  of  the  paper,  either  partially 
or  wholly  block  the  pores  of  the  paper  and  so  retard  the  process  of  filtration. 
(Table  VII  shows  that  the  partially  blocked  paper  may  act  as  an  ultra  filter.) 
The  euglobulin  thus  passing  into  the  filtrate  will  be  precipitated  with  the 
pseudoglobulin  and  antitoxin  at  one-half  saturation  with  ammonium  sulphate. 
Theoretically  speaking,  when  the  precipitated  pseudoglobulin  and  antitoxin 
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coiilaiiiiui^'  ;i  small  amouiif-  of  (Mi<^H()l)uliii  is  dialyscd  uiit/il  tlu^  salt  content 
{ippioaclics  that  ol"  tap  water,  the  pseiidoj^lobiilin  and  antitoxin  only  should 
be  ill  solution,  hut,  it  is  <j;tMi(MalIy  accepted  that  the  presence  of  one  protein 
in  solution  piotects  anothei-  fioin  [)recipitation. 

We  have  seen  (Experiment  11)  that  even  in  dilute  dialysis  residues  a  small 
amount  of  cuii^lobulin  icmained  in  colloidal  suspension.  Since,  in  routine 
concentrations,  the  dialysis  residues  may  contain  up  to  and  even  more  than 
20  per  cent,  of  pseudoj^lobulin,  the  protecting  power  of  the  latter  in  respect 
of  the  euglobulin  is  enhanced.  The  euglobulin  thus  in  colloidal  suspension 
will  greatly  retard,  if  not  render  impossible,  the  filtration  of  the  final  product 
through  filter  candles. 

The  impediment  to  filtration  in  the  new  process  caused  by  the  suspensoid 
particles  of  euglobuhn  was  in  practice  removed  by  allowing  the  dialysis 
residue  to  stand  for  a  prolonged  period.  This  tedious  method  has  had  to 
be  resorted  to  frequently. 

II.     An  investigation  of  the  rdle  of  Sodium  Chloride  in  improving 
the  Banzhaf  netv  One  Fraction  Method. 

Having  ascertained  the  value  of  the  heating  process  in  the  new  method, 
the  question  then  arose  as  to  the  part  played  by  the  sodium  chloride  in 
improving  the  concentration  process.  Did  the  addition  of  salt  to  the  serum 
mixtures  serve  to  induce  the  desired  conversion  of  pseudoglobulin  into 
euglobulin  or  did  it  merely  exert  some  stimulating  effect  on  the  agglutination 
of  the  aggregates  of  the  euglobulin,  a  process  which,  from  the  experimental 
work  in  Part  I,  seems  to  take  place  slowly  ? 

In  order  to  elucidate  this  point,  routine  concentrations  in  which  1-5  per 
cent,  of  solid  sodium  chloride  had  been  added  to  serum  or  plasma  mixtures 
which  had  been  made  30  per  cent,  or  31  per  cent,  of  saturation  with  ammonium 
sulphate  were  carefully  examined  at  different  stages  of  the  heating  process. 
As  before,  samples  were  taken  from  the  mixtures  and  filtered,  and  the  protein 
content  of  the  clear  filtrates  was  estimated  from  the  difference  between  the 
refractometer  readings  of  the  clear  filtrate  before  and  after  coagulation  of' 
the  protein  therein.  For  purposes  of  comparison  the  protein  content  of  the 
mixtures  at  various  stages  in  the  heating  process  was  expressed  in  terms  of 
the  original  serum  or  plasma. 

Up  to  the  present  the  concentration  of  20  batches  each  of  not  less  than 
50  litres  of  plasma   or  serum  has  been  followed ;    the  data  with  regard  to 
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three  typi<^*iil  concentrations  are  given  in  Table  VII 1.  In  no  case  lias  any 
ditUculty  been  experienced  in  the  filtration  of  the  hot  li([uids  or  of  the  final 
product  so  far  as  this  latter  has  up  to  the  present  been  filtered.  In  no  case 
has  there  been  any  appreciable  change  in  the  protein  content  of  the  mixtures 
during  the  heating  process. 

From  these  observations  we  are  led  to  the  conclusion  that  the  effect 
of  the  heating  process  is  to  agglutinate  the  particles  of  euglobulin  already 
converted  from  the  emulsoid  to  the  suspensoid  state.  This  process,  which 
seems  to  be  incomplete  in  some  serum  mixtures,  is  stimulated  by  the  addition 
of  sodium  chloride  to  the  same  mixtures. 


TABLE   VIII. 

Changes  taking  'place  during  the  heating  process  to  63°  or  65°  in  the  protein 
content  of  routine  concentration  serum  mixtures  which  have  been  made 
30  or  31  per  cent,  of  saturation  ivith  ammonium  sulphate  and  1-5  per  cent, 
with  solid  sodium  chloride. 

Residual  percentage 

of  protein  in  solution 

in    the    tiltrates    of 

"*  the  serum  mixtures, 

calculated  from  the 
ref ractometer  read • 
ings  anil  expressed 
in  terms  of  the 
original  plasma 

511 
500 
502 
4-93 
l)-82 
l)-l)0 
6-60 

519 
5-28 
5-28 
512 

Additional  evidence  on  this  point  was  furnished  by  the  following 
experiments. 

Experiment  IV.  Serum  or  plasma  (diluted  or  undiluted)  was  made  from 
25-50  per  cent,  of  saturation  with  ammonium  sulphate  and  solid  sodium 
chloride  was  added  to  the  mixture  to  the  extent  of  1-5  per  cent.  The  protein 
content  of  the  filtrates  of  samples  of  the  mixtures  was  estimated  from  the 
refractometer  readings  as  in  the  previous  experiments.  The  mixtures  were 
then  subjected  to  various  treatments. 


Amount  of 

Protein 

Percentage 
of  satura- 

Duration 

Temperature 
of  mixtures 

oxalatoil 

content  of 

tion  with 

of  time  of 

at  which 

plasma 
concentrated 

original 
plasma 

ammonium 
sulphate 

heating 
of  mixtures 

samples  were 
taken 

Diphtheria 

700 

31 

0 

Room.  temp. 

50  litres 

2  hrs 

2  hrs  35' 

3  hrs 

57"^ 

or 

63° 

Tetanus 

7-47 

30 

1  hr  55' 

57° 

50  litres 

2  hrs  25' 
2  hrs  55' 

61° 

63° 

Tetanus 

6-73 

30 

0         R 

oom  temp.  =  16 

50  litres 

1  hr  35' 

2  hrs  15' 
2  hrs  35' 

57° 
61** 
65° 
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(a)  Tlic  mi\fur(\s  w(m<'  heated  to  03°  and  kept  at  that  temperature  for 
a  frw  iniiuiios.  the  process  in  nil  taking  from  2  to  2-5  hours.     (Table  IX.) 

It  will  1)0  seen  fioin  the  incasurcmeuts  of  the  icfiactive  indices  of  the 
solutions  and  fioin  the  curves  in  Fij];ure  2  that  there  was  no  appreciable 
chanu^e  in  the  ])seud()<^lobulin  content  of  the  mixtures  during  the  process 
of  Inciting. 

{!))  The  mixtures  were  heated  to  a  temperature  of  07°  and  kept  at  that 
temperature  loi-  10  minutes.     (Table  X  and  Figuic  I).) 


TABLE   IX. 

Oxalatcd  plasma  diluted  with  half  its  volume  of  water,  made  various  percentages 
of  saturation  with  ammonium  sulphate  and  1-5  per  cent,  solid  sodium 
chloride  added  to  the  mixtures.  The  mixtures  were  heated  to  a  temperature 
of  03°  and  kept  at  that  temperature  for  a  few  minutes. 

Residual   percentage   of   protein   in 
solution,  calculated  from  the  ref racto- 


meter  readings  of  the  filtrates  from 

Percentage 

Percentage  of 

saturation  with 

ammonium 

the    mixtures    and    expressed,    for 
purposes  of  comparison,  in  terms  of 
the  original  undiluted  plasma 

conversion  of 

soluble  into 

insoluble  protein 

during  the 
heating  process 

sulphate 

(a)  Before  heating 

(6)  After  heating 

Original  plasma 

8-30 

29 

6-93 

6-66 

4-0 

30 

6-73 

6-52 

31 

31 

6-38 

6- 14 

3-8 

32 

5-97 

5-89 

1-36 

33 

509 

4-85 

0-8 

34 

4-81 

4-70 

2-96 

36 

3-73 

3-64 

2-5 

39 

2-44 

2-39 

21 

40 

219 

219 

0 

46 

215 

215 

0 

54 

0-574 

0-582 

-1-6 

Original  plasma 

714 

29 

5-68 

5-44 

4-3 

30 

5-30 

5-25 

1 

31 

512 

5-08 

0-8 

From  the  results  it  is  clear  that  heating  the  serum  mixtures  to  this  higher 
temperature  is  accompanied  by  a  considerable  change  in  the  protein  content 
of  the  solutions. 

(c)  The  mixtures  were  heated  to  a  temperature  of  03°  and  kept  at  that 
temperature  for  1-25  hours.     (Table  XI  and  Figure  3.) 

Obviously  the  prolongation  of  the  time  of  heating  at  03°  also  gives  rise 
to  considerable  change  in  the  protein  content  of  the  solution. 
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Percentage  of  saturation  with  ammonium  sulphate. 

Fig.  2.  Curves  showing  changes  induced  in  tlio  sohihility  of  the  proteins  in  serum  mixtures 
made  various  percentages  of  saturation  with  ammonium  sulphate  and  1-5  per  cent,  with 
sohd  sodium  chloride  during  the  process  of  heating  the  mixtures  just  to  a  temperature  of 
<»8°  and  keeping  them  at  that  temperature  for  a  few  minutes  only. 

The  curve  — ^— —  represents  the  amount  of  protein  remaining  in  solution  in  the  mixtures 
made  various  p^'rcentages  of  saturation  with  {NH,)^kS(),  at  room  temperature. 

The  curve  —  ^  —  represents  the  amount  of  protein  remaining  in  solution  in  the  mixtures 
made  various  percentages  of  saturation  with  (NH4)^S04  heated  to  63°  and  kept  at 
that  temperature  for  a  few  minutes  only. 
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Fig.  3.  Curves  showino;  changes  induced  in  tlie  solubiUty  of  the  proteins  in  serum  mixtures 
made  various  percentages  of  saturation  with  ammonium  sulphate,  during  the  process  of 
heating  («)  just  to  a  temperature  of  67°  and  (6)  to  a  temperature  of  63°  and  keeping  at 
that  temperature  for  \\  hours. 

The  curve  — ^-^^—  represents  the  amount  of  protein  remaining  in  solution  in  the  mixtures 

made  various  percentiiges  of  saturation  with  (NH4).,S04  at  room  temperature. 
The  curve  —  —  —  represents  the  amount  of  protein  remaining  in  solution  in  the  mixtures 

made  various  percentages  of  saturation  with  {NH4).,S04  and  heated  just  to  67°. 
The  curve  —  x  —  x  .^  represents  the  amount  of  protein  remaining  in  solution  in  the  mixtures 

made  various  percentages  of  saturation  with  (NH4)2S04  and  heated  to  63°  and  kept  at  that 

temperature  for  1^  hours. 
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Exferimcnl  V.  That  there  was  no  appreciable  cliange  in  the  pseudo- 
globuhn  content  of  the  mixtures  during  the  heating  process  adopted  in  the 
new  method  was  also  demonstrated  gravimetrically. 

Several  volumes  of  serum  or  plasma,  diluted  or  undiluted,  were  respectively 
made  various  percentages  of  saturation  with  ammonium  sulphate,  and  1*5  per 
cent,  of  solid  sodium  chloride  was  then  added.  Each  series  was  duplicated 
and  of  i\\c  duplicates  the  one  was  dialysed  without  heating  and  the  other, 
previous  to  dialysis,  was  heated  to  a  temperature  of  03°  and  kept  at  that 
temperature  for  a  few  minutes  only — the  heating  process  taking  2  to  2*5  hours 
in  all. 


TABLE  X. 

Oxalated  plasma  diluted  with  half  its  volume  of  water  was  made  various  jter- 
centages  of  saturation  with  ammonium  sulphate  and  1-5  per  cent,  of  solid 
sodium  chloride  was  added  to  the  mixtures  which  were  then  heated  to  a 
temperature  of  67°. 


Percentage  of 

saturcation  with 

(NH4)2S04 

Original  plasma 
28 
29 
30 
31 
32 
33 
34 


Residual  percentage  of  protein  in 
solution,  calculated  from  the  rcfracto- 
meter  readings  of  the  filtrates  from 
the  mixtures  and  expressed,  for 
purposes  of  comparison,  in  terms  of 
the  original  plasma 

. ^- ^ 

(a)  Before  heating      (6)  After  heating 


6-23 
5-34 
514 
4-98 
4-97 
4-62 
4-54 
4-56 


4-66 
4-24 
4-00 
4-25 
3-99 
405 
3-96 


Percentage 

conversion  of 

soluble  into 

insoluble  protein 

during  the 
heating  process 


12-9 
17-7 
20-0 
14-5 
13-6 
ll.Q 
10-4 


The  protein  estimations  were  made  on  each  dialysis  residue,  viz. : 

(a)  The  total  protein  present  soluble  in  saturated  brine  solution. 

(b)  The  total  amount  of  protein  not  precipitated  by  50  per  cent,  of 
saturation  with  ammonium  sulphate. 

The  results  showed  that,  during  the  heating  process,  there  was  no  appre- 
ciable conversion  of  pseudoglobulin  into  euglobuhn. 

From  the  results  given  in  Tables  VI  and  XII  it  is  interesting  to  note 
that  the  amount  of  protein  precipitated  from  the  dialysis  residues  by 
saturation  with  brine  depends  upon  the  original  dilution  of  the  serum  or 
plasma.     This  is  a  generally  accepted  fact  (Banzhaf-Gibson). 

Bioch.  X  20 
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lu  certain  cases  the  whole  serum  mixture,  i.e.  precipitate  und  li(|ui(l, 
as  well  as  controls  of  the  hltrate  alone  were  dialysed,  when  it  was  observed 
that  the  pseudoglobulin  was  much  greater  in  amount  in  the  former  than  in 
the  latter  case:  that  is  to  say  that  the  precipitate  brought  down  by  the 
ammonium  sulphate  was  in  reality  a  mixture  of  eu-  and  pseudo-globulin. 

Further,  in  those  instances  iu  the  above  experiment  in  which  oxalated 
plasma  was  used,  the  dialysis  residues  of  the  unheated  plasma  mixtures 
contained  the  insoluble  fibrin  and  euglobulin  formed  into  a  jelly-like  clot. 
In  the  dialysis  residues  of  the  heated  mixtures  these  insoluble  proteins 
were  present  as  a  flocculent  and  readily  subsiding  precipitate. 

Experiment  VI.  Further  experimental  work  was  then  undertaken  to 
ascertain  the  effect  of  sodium  chloride  on  the  solubility  of  serum  proteins 
under  different  conditions. 

TABLE  XL 

Oxalated  plasma,  diluted  ivith  half  its  volume  of  water,  was  made  various  per- 
centages of  saturation  with  ammonium  sulphate  and  1-5  per  cent,  solid 
sodium  chloride  added  to  the  mixtures  which  were  then  heated  to  G3° 
and  I'ept  at  that  temperature  for   1-25  hotirs. 

Residual    percentage   of   protein   in 
solution,  calculated  ironithe  refracto- 

meter  readings  of  the  filtrates  from  Percentage 

the    mixtures,    and    expressed,    for  conversion  of 

purposes  of  comparison,  in  terms  of  soluble  into 

Percentage                  ti^,  original  plasma  insolithle  protein 

of  saturation                ^ • ^  during  the 

with  (NH4).,S(),            (a)  Before  heating       (6)  After  heating  heating  process 

Original  plasma  G-23 

28  5-44  2-81  48-6 

30  5-29  2-89  45-5 

32  4-5()  2-80  390 

34  4-62  2-86  38-4 


{a)     The  effect  of  heating  a  saturated  brine  solution  of  pseudoglohidin. 

The  globulin  precipitate  thrown  down  by  making  plasma  50  per  cent, 
of  saturation  with  ammonium  sulphate  was  suspended  in  saturated  brine 
solution  and  after  standing  at  room  temperature  for  48  hours  was  gradually 
heated  to  a  temperature  of  61°,  the  process  taking  2  hours  in  all. 

From  the  use  of  the  refractometer  it  was  ascertained  that  at  room  tem- 
perature (after  48  hours)  the  saturated  brine  contained  protein  in  solution 
corresponding  with  a  value  of   (]-?»  per  cent,  in  the  original  plasma.     After 
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raising   the   teinperature   of   tlie   brine  solution   just  to  (>!'',  tlif  protein  in 
solution  had  tlecreased  to  the  value  of  2-48  per  cent. 

During  the  heating  process  there  had  thus  been  a  conversion  of  G0-()  per 
cent,  of  the  soluble  into  insoluble  protein ;  at  the  same  time  there  was  consider- 
able loss  of  antitoxic  units  from  the  solution. 

TABLE   XIII. 

The  effect  of  the  prolofiged  heating  of  plasnta,  diluted  ivith  one-third  its  volume 
of  water  and  containing  1-5  fer  cent,  of  sodium  chloride,  upon  (a)  the 
solubility  of  the  serum  proteins  and  (b)  the  precipitating  power  of  30  per 
cent,  of  saturation  with  ammonium  sidphate. 

Residual  percentage  of  protein  in 
solution 


(a)  in  the  diluted  (6)  after  nuikiiij^ 

plasma  or  serum  at  the  heated  lii[uids 

various     stages      in  30  per  eeiit.  i>f               I'ereeutage 

the   heating   process  saturation  with          increase  in  the 
calculated   from  the  (NH4)2S04,  calculated       amount  of 

refractometer    recid-  as  in  («)                       soluble 

ings    of    the    heated  protein 

Lengtii  of                                         liquitls  and  expressed,  precipitated 

time  diluted          Temperature      for  pur})t).ses  of  com-  by  30  per  cent, 

plasnui  or  serum          of  heated          parison,  in   terms   of  of  saturation 

was  heated                liquids            the  original  plasma  with  (NH4)2804 

Plasma  {oxalated) 

0  hrs  Room  temperature  7'38  512  — 

3  hi-s  57^  7-05 

7  hrs  57°  7-01  4-84  5-5 

Serum  {carbolised) 

(1)  0  hrs      Room  temperature  G-47  5-82 

1")  hrs  57°  599  3-81  340 

(2)  0  hi-s      Room  temperature  6*95  5*4 1 

15  hrs  57**  5-77  3-13  42-2 

(b)     Prolonged  heating  of  serum  or  plasma  to  which   1-5  per  cent, 
sodium  chloride  had  been  added. 

Plasma  and  serum  were  each  diluted  with  one-third  of  their  volume  of 
water,  1-5  per  cent,  of  salt  added,  and  heated  to  a  temperature  of  57°  for 
periods  varying  from  6  to  15  hours. 

The  refractometer  readings  showed  that  during  the  heating  process  there 
was  a  slight  change  in  the  protein  content  of  the  solutions,  but  this  change 
did  not  take  place  with  less  than  three  hours'  heating.  Samples  of  the 
heated  mixtures,  taken  after  6  and  15  hours'  heating  respectively, 
were  made  30  per  cent,  of  saturation  with  ammonium  sulphate  and  the 
protein  thrown  out  of  solution  compared  with  that  precipitated  by  the  same 
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Scituiatioii  with  uminoniimi  sulphate  in  the  original  unheated  serum  or 
plasma.     (Table  XIII.) 

The  results  show  that  the  amount  of  protein  remaining  in  solution  after 
making  the  serum  30  per  cent,  of  saturation  with  ammonium  sulphate  is 
])ractically  the  same  for  the  unheated  serum  as  for  the  serum  heated  to  57"^ 
for  0  liours.  After  15  hours'  heating  there  is  a  30-40  per  cent,  increase  in 
the  precipitation  of  protein. 

Further  heating  of  the  respective  ammonium  sulphate  mixtures  to  a 
temperature  of  01°  was  not  accompanied  by  any  increased  change  in  the 
protein  content  of  the  solutions. 

(c)     The  heating  of  serum  or  plasma  without  the  addition  oj  sau. 

In  order  to  ascertain  whether  the  change  thus  taking  place  in  (6)  during 
the  prolonged  heating  of  plasma  or  serum  with  1-5  per  cent,  sodium  chloride 
was  due  to  the  specific  action  of  the  sodium  chloride  on  the  proteins  of  horse 
serum  or  was  an  inherent  property  of  the  proteins  themselves,  plasma  and 
serum  diluted  with  water  were  heated,  without  the  addition  of  salt,  in  order 
to  ascertain  whether  changes  had  been  induced  during  the  heating. 

(a)     Changes  in  the  solubility  of  the  serum  proteins. 

During  the  heating  process  there  was  slight  deposition  of  proteins  and 
samples  of  the  heated  liquids  filtered  with  difficulty. 

From  Table  XIV  it  will  be  seen  that  whether  the  serum  or  plasma  had 
been  heated  at  63°  for  a  short  time  or  kept  at  lower  temperatures  for  longer 
periods  there  was  a  slight  change  in  the  solubihty  of  the  proteins. 

(p)     Changes  in  the  precipitating  power  of  30  per  cent,  of  saturation 

with  ammonium  sulphate. 

The  results  depicted  in  Table  XV  show  that  considerable  changes  may 
take  place  in  the  precipitating  power  of  this  reagent. 

It  has  been  previously  demonstrated  that  the  heating  of  the  serum  to 
63°,  when  the  hquid  was  kept  at  that  temperature  for  a  few  minutes  only, 
was  not  followed  by  any  appreciable  change  in  the  amount  of  protein  pre- 
cipitated by  30  per  cent,  of  saturation  with  ammonium  sulphate.  But  if 
the  hquids  were  kept  at  this  temperature  for  1  hour,  or  if  the  temperature 
were  raised  to  67°,  then  considerably  more  protein  was  precipitated  (from 
10  to  20  per  cent,  increase). 
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TAHLE   XIV. 

The  ejjevt  of  the  heatimj  of  set  am  or  plasma  on  the  solubility  of  the  senun  proteins 

[No  addition  of  NaCl.] 


Dilution  of 

tlic  oxiUiited 

Teiiiperatur 

plasma  or 

to  whieli 

serum 

heated 

(1)  Plasnta 

C3" 

with  J  its 

vol.  of  H,0 

(2)  Plasma 

57" 

with  }  its 

57" 

vol.  of  water 

(3)  Plasma 

57" 

with  \  its 

57" 

vol.  of  water 

57" 

(•4)  Carbolised  serani^ 

with  J  its 

57" 

vol.  of  water 

57" 

Duration  of 
the  time  of 
heatinj^  at 
the  sjx'cilied 
temperature 

10  min. 


0  hrs 

15  hrs 

0  hi-s 

4  hrs 

15  hrs 

0  hrs 

15  hrs 

I'ercentajic;  of  protein  in 

solution  in  the  plasma  — 

measured  hy  means  of 

the  refraetonurter 


(a)  Before 
heating 

7  09 


5-85 
5-85 

014 


5-59 


(6)  After 
heating 

7-43 


5-30 


5-99 
5-79 


3-79 


I'ereentage 

eonvemion  of 

soluble  into 

iuHulidde 

protein  tluring 

the  heating 

process 

3-4 


9-4 


2-4 

5-7 


'il-1 


^  A  considerable  change  always  takes  place  during  the  heating  of  carbolised  serum.     This 
point  is  being  investigated. 


TABLE   XV. 

The  effect  of  the  prolonged  heating  of  plasma  and  of  serum  respect ivelif  diluted 
ivith  one  third  their  volume  of  water  upon  the  precipitating  power  of 
30  per  cent,  of  saturation  with  ammonium  sulphate.  [No  addition  oj 
NaCl.] 


Percentage  of 

Percent 

age  of 

protein 

Percentage 

protein  in 

remaining  in  s 

olution 

change  in  the 

solution  at  the 

after 

nu\kin^ 

i  the 

amount  of 

Duration  of 

stage  in  the 

liquid 

30  pei^ 

cent. 

dissolved  protein 

the  heating 

heating  process. 

of  saturation 

with 

precipitated 

at  the 

Expressed  in 

ammonium  su 

Iphate. 

by  30  i)er  cent. 

Temperature 

specified 

terms  of  the 

Expressed  in 

terms 

of  saturation 

reached 

temperature 

original  plasma 

of  the  original 

plasma 

with  (NH,).,S04 

Carbolised  serum 

57" 

0  hrs 

5-59 

4-53 

15  hrs 

3-79 

2-42 

46-0 

Plasma 

57" 

0  hrs 

5-85 

5-80 

15  hrs 

5-30 

3-52 

39-3 

Plasma 

57" 

0  hrs 

014 

5-78 

4  hrs 

5-99 

5-48 

5-2 

15  hrs 

5-79 

3-52 

39-0 

Plasma 

55" 

0  hrs 

7-39 

5-35 

15  hrs 

G-89 

4-81 

10-0 

cm)N(!i:ntkati()N  of  antitoxic  si:ra  sos 

11  the  picisina  or  scrum  were  kept  at  a  teniperatuie  of  55"  ioj-  15  Lours 
there  was  a  10  per  cent,  increase  in  the  precipitating  power  of  30  per  cent, 
saturation  with  ammonium  sulphate. 

When  the  plasma  or  serum  had  been  kept  at  57^^  for  4  hours  there  was 
very  little  dili'erence  between  the  amounts  of  protein  precipitated  from 
the  heated  and  unheated  liquids  by  the  addition  of  saturated  ammonium 
sulphate  to  the  extent  of  30  per  cent,  of  saturation. 

After  15  hours'  heating  at  57°  it  was  found  that,  on  the  addition  of 
ammonium  sulphate  to  30  per  cent,  of  saturation,  from  39-47  per  cent, 
more  of  the  soluble  protein  was  precipitated  from  the  heated  than  from 
the  unheated  liquids. 

It  is  thus  obvious  that  the  change  taking  place  in  the  prolonged  heating 
of  serum  or  plasma  with  1-5  per  cent,  sodium  chloride  in  (b)  is  in  no  way 
dependent  on  the  presence  of  the  sodium  chloride,  as  the  same  phenomenon 
takes  place  in  the  prolonged  heating  of  serum  or  plasma  to  which  no  salt 
has  been  added. 

That  changes  take  place  in  the  prolonged  heating  of  solutions  of  pseudo- 
globuHn  has  been  shown  by  Banzhaf  [1908]  but  from  the  details  given  in 
his  paper  it  is  difficult  to  understand  the  exact  procedure  adopted  by  him. 
Banzhaf  suggests  that  the  change  is  due  to  the  conversion  of  pseudoglobuhn 
into  euglobuhn,  but  from  consideration  of  the  work  of  Hardy  [1899],  Chick 
and  Martin  [1912],  and  Chick  [1914]  it  is  probable  that  the  change  taking 
place  in  (b)  and  (c)  above  is  of  the  nature  of  a  denaturation  of  proteins.  For, 
evidently,  during  the  prolonged  heating  of  the  serum  or  plasma,  while  the 
actual  solubiUty  of  the  proteins  has  been  httle  changed  their  physical 
properties  have  become  so  altered  that  their  precipitability  by  electrolytes 
is  considerably  increased. 

In  view  of  these  observations  it  is  at  first  sight  not  easy  to  picture  the 
part  played  by  the  sodium  chloride  in  rendering  the  concentration  of  antitoxic 
sera  by  Banzhaf's  new  process  more  certain  of  success.  If  it  were  merely 
a  question  of  the  better  salting  out  of  the  euglobuhn  by  increasing  the 
dehydrating  action  exerted  by  the  salt,  then  why  should  the  addition  of 
1-5  per  cent,  sodium  chloride  to  the  29  or  30  per  cent,  of  saturation  with 
ammonium  sulphate  serum  mixtures  yield  a  better  and  more  easily  filterable 
end  product  than  that  obtained  from  31,  32,  33  per  cent,  or  even  34  per  cent, 
of  saturation  in  the  absence  of  sodium  chloride. 

Now  Banzhaf  and  Gibson  [1907]  have  stated  that  the  salting  out  of 
euglobuhn    is    influenced    by   the   dilution   of    the    plasma   and    they    have 
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given    what   is,    m    thuii    opituou,    the    optimum    dihition    for    routine   con- 
centrations. 

But,  that  factors  other  than  the  dehydrating  etiect  of  the  salts  added  to 
the  serum  and  the  dilution  of  the  serum  proteins  have  to  be  considered, 
IS  shown  by  an  examination  of  the  data  collected  during  the  progress  of  this 
research.     (Table  XVI.) 


Perconta^e 

protein  content 

of  the  original 

plasma  taken 

7- 14 

t>-47 

G-47 

810 

8-36 

7- 14 

0-71 

t)-73 

7-38 

714 

7-38 

6-38 

5-51 

5-76 

G04 

6-23 

8-32 

8-32 

714 

7-28 

700 

6-71 

7-47 

7-28 

()-79 

Treatment  of  the  diluted  plasma 


(a)  Percentiige 

of  saturation 

with  (Nll4),!S04 

30 
31 


30 


(6)  Percentage 

of  NaCl  in 
the  mixtures 


1-5 


TABLE   XVI. 

The  percentage  of  protein   remaimntj   In   eolation   in  serum  mixtures  ttuule 
30  or  31  p«r  cent,  of  saturation  tvith  ammonium  sulphate. 

Residual  percent- 
age of  protein 
remaining  in 
solution  in  the 
mixtures  and  ex- 
pressetl  in  terms 
of  tile  original 
plasma 

4-93 

5-85 

5-53 

(i-29 

0-39 

5-74 

olG 

4- 19 

4-97 

5-20 

a- 12 

5-81 

453 

5-80 

5-76 

5-29 

(5-39 

r)-97 

512 

511 

511 

4-61 

6-80 

4-42 

5-59 

It  Will  be  seen,  that  though  the  ammonium  sulphate  concentration  and 
the  protein  concentration  of  some  of  the  samples  were  practically  identical, 
yet  the  amount  of  protein  left  in  solution  was  considerably  different. 
Evidently  factors  operated  which  had  not  been  controlled. 

It  is  beUeved  that  colloidal  aggregates  are  kept  in  solution  by  their  mutual 
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repulsion  which  is  due  to  tlie  electric  charge  they  carry.  If  this  charge  be 
sulliciently  reduced,  then  the  forces  keeping  the  particles  apart  diminish; 
at  the  iso-electric  point  the  colloids  will  be  most  completely  precipitated. 
In  other  words,  the  more  nearly  the  hydrogen- ion  concentration  of  the 
system  approaches  that  of  the  iso-electric  point  for  a  particular  protein, 
the  more  complete  will  be  the  precipitation  of  that  protein. 

Therefore,  when  dealing  with  the  concentration  of  antitoxic  sera  on  a 
large  scale,  we  ought  not  to  lose  sight  of  the  fact  that  the  reaction  of  the 
serum  mixtures  is  probably  of  more  vital  importance  in  the  salting  out  process 
than  has  hitherto  been  recognised  in  the  methods  of  practical  value  advocated 
for  the  concentration  of  antitoxic  sera.  The  more  nearly  the  reaction 
of  the  serum  mixtures  approaches  the  hydrogen-ion  concentration  at  the 
iso-electric  point  of  euglobulin,  not  only  should  there  be  more  rapid  and 
effective  filtration,  but  more  constant  results  should  be  obtained  with  regard 
to  the  percentage  removal  of  protein  from  the  solution. 

In  the  Banzhaf  new  One  Fraction  Method  no  cognisance  is  taken  of  the 
reaction  of  the  mixture  and  this  may  well  be  the  secret  of  its  uncertainty. 

The  alkahnity  of  blood  is  supposed  to  be  due  to  the  partial  hydrolysis 
of  certain  sodium  salts  of  weak  acids,  and  if  this  be  the  case  the  introduction 
of  a  salt  like  sodium  chloride  should  slightly  reduce  the  alkalinity.  It 
therefore  follows  that  the  stimulating  effect  of  the  sodium  chloride  may 
be  due  to  the  fact  that  it  tends  to  make  the  hydrogen-ion  concentration  of 
the  mixtures  approach  more  nearly  that  required  for  the  optimum  precipita- 
tion of  euglobulin. 

In  support  of  this  theory  it  may  be  mentioned  that  during  the  past  few 
months  I  have  had  occasion  to  study  the  heat  coagulation  of  350  samples 
of  serum.  With  some  samples  the  heat  coagulation  could  be  readily  brought 
about.  With  others  the  formation  of  a  readily  filterable  coagulum  could 
only  be  induced  after  the  addition  of  from  1  to  6  per  cent,  of  sodium  chloride, 
or  by  the  addition  of  corresponding  amounts  of  a  standard  solution  of  acetic 
acid.  The  sodium  chloride  and  the  acetic  acid  were  interchangeable  and 
apparently  had  the  same  effect  whether  used  separately  or  whether  a  certain 
proportion  of  the  one  was  replaced  by  the  corresponding  proportion  of  the 
other. 

In  this  connection  experiments  are  being  conducted  with  the  object 
of  ascertaining  the  influence  of  alteration  of  the  reaction  (hydrogen-ion 
concentration)  of  the  serum  mixtures  on  the  precipitation  and  filtration  of 
the  eu-   and  pseudo-globulin   and  antitoxin  fractions.     For,  although  the 
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desired  iiiipiovenieut  iu  tiltratiou  may  be  obtained  by  the  addition  of  acetic 
acid  to  the  more  alkahne  sera  we  must  not  lose  sight  of  the  fact  that,  as  salt 
is  known  to  exert  a  protecting  action  on  antitoxin,  it  may  be  better  to  adjust 
the  reaction  of  the  medium  by  means  of  salt  rather  than  by  the  addition 
of  acid.     The  results  will  be  dealt  with  in  a  future  communication. 


Summary. 

1.  The  advantages  claimed  by  Banzhaf  for  his  new  One  Fraction  process 
are  sometimes  vitiated  by  the  fact  that  a  final  product  is  obtained  which, 
owing  to  the  presence  of  an  opalescent  suspension  presumably  of  euglobuhn, 
cannot  be  filtered  except  after  long  standing. 

2.  The  successful  preparation  of  an  easily  filterable  end  product  depends 
on  the  initial  heating  of  the  serum  mixtures. 

3.  The  heating  process  advocated  in  the  new  method  does  not  cause 
a  conversion  of  pseudoglobulin  into  euglobuhn  but  merely  serves  to  complete 
the  aggregation  of  the  euglobuhn  into  particles  sufficiently  large  to  admit 
of  separation  by  filtration. 

4.  The  uncertainty  with  regard  to  the  successful  heating  of  the  serum 
mixtures  can  be  obviated  by  a  slight  modification  of  the  described  technique, 
viz.  by  the  addition  of  1*5  per  cent,  sodium  chloride  to  the  serum  mixtures. 

5.  The  following  observations  have  been  made  with  regard  to  the  effect 
of  the  addition  of  sodium  chloride  to  the  serum  mixtures : 

(a)  During  the  process  of  heating  the  mixtures  to  63°  or  65°  the  addition 
of  salt  does  not  induce  changes  in  the  amount  of  proteins  still  remaining 
in  solution,  but  if  the  temperature  be  raised  to  67°  or  if  the  mixtures  be  kept 
for  one  hour  or  more  at  63°,  then  a  considerable  change  in  the  protein  content 
of  the  solution  takes  place. 

(6)  If  a  solution  of  pseudoglobulin  and  antitoxin  in  saturated  brine  be 
heated  to  a  temperature  of  61°  and  kept  at  that  temperature  for  a  few  minutes 
only,  there  is  a  conversion  of  60  per  cent,  of  soluble  into  insoluble  globulin, 
but  at  the  same  time  there  is  loss  of  antitoxic  units. 

(c)  Prolonged  heating  of  serum  or  plasma  diluted  with  water  and  con- 
taining 1-5  percent,  sodium  chloride  leads  to  an  increase  in  the  precipitating 
power  of  30  per  cent,  of  saturation  w^th  ammonium  sulphate.  This  change, 
however,  is  not  due  to  the  presence  of  the  sodium  chloride.  The  prolonged 
heating  of  diluted  plasma  or  serum  gives  rise  to  the  same  phenomenon. 
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Banzhaf  considers  that  tlie  change  thus  produced  in  the  serum  is  that 
of  pseudoglobuhn  into  cuglobulin,  but  it  seems  more  probable  that  the 
prolonged  heating  serves  to  denaturate  the  protein  in  solution  and  to 
make  it  more  readily  precipital)le  by  saturation  with  sodium  chloride  or  by 
30  per  cent,  saturation  with  ammonium  sidphate. 

().  It  is  possible  that  the  addition  of  sodium  chloride  exerts  a  favourable 
influence  on  the  filtration  processes  by  virtue  of  an  adjustment  of  the  hydrogen- 
ion  concentration  of  the  serum  mixtures. 


REFERENCES. 

Banzhaf  (1908).     Proc.  Soc.  Exp.  Biol.  Med.,  5,  8;   Collected  Studies,  Research  Lot).  Dept. 
Hen] til.  New  York,  1908-9,  4,  225. 

(1909).     Collected  Studies,  Research  Lab.  Dept.  Health,  Now  York,  4,  230. 

(1913).     Collected  Studies,  Research  Lab.  Dept.  Health,  New  York,  7,  114. 

Banzhaf  and  Gibson  (1907).     Collected  Studies,  Research  Lab.  Dept.  Health,  New  York,  3,  97. 
Chick  (1914).     J.  Pathol.  Bacteriol,  19,  131. 

Chick  and  Martin  (1912).     J.  Physiol,  45,  251. 

(1913).     Biochemical  J.,  7,  380. 

Hardy  (1899).     J.  Physiol.,  24,  158. 

Reiss,  Erail  (1904).     Verh.  76  Versammlung  deutsch.  Naturforscher  und  Arzte,  Brealau,  36. 

Robertson,  Brailsford  (1915).     J.  Biol.  Chem.,  22,  233. 


[From   THE   JOURNAL   OF    HYGIENE,    Vol.   XV,    No.    3,    October   9,    1916.] 

[All  Rights  rt^se.rvcd] 


388 


r^ 


AN   IMPROVED   METHOD   FOR   THE   CONCEN- 
TRATION  OF   ANTITOXIC   SERA. 

By  ANNIE   HOMER, 

Assistant,  Scrum  Drp(trtmn)f,   TJstcr  Institute. 

{From  The  Lister  Institute,  Elstree.) 

Gibson  (1905)  was  the  first  to  introduce  a  method  of  commercial 
vahie  for  the  concentration  of  antitoxic  horse  sera. 

He  treated  phisma  with  an  ecjual  vohime  of  saturated  ammonium 
sulphate  sohition,  filtered  off  the  precipitated  ijjh)})uHns  and  suspended 
the  hitter  in  saturated  salt  solution.  The  pseudoglobulin  and  antitoxin 
entered  into  solution  while  the  euglobulin  remained  in  suspension. 
The  solution  of  pseudo<ijlobulin  and  antitoxin  was  freed  from  euglobulin 
by  filtration  and  the  clear  filtrate  was  then  acidified  with  acetic  acid. 
The  precipitated  pseudo<]jlobulin  and  antitoxin  were  dialysed.  The 
finished  product  had  a  potency  two  and  a  half  times  greater  than  that 
of  the  original  plasma. 

In  1907  Banzhaf  and  Gibson,  by  fractional  precipitation  with 
ammonium  sulphate,  separated  the  pseudoglobulin-antitoxin  combina- 
tion from  the  other  serum  proteins  as  follows : 

The  plasma  or  serum,  diluted  with  one-third  its  volume  of  water, 
was  heated  to  a  temperature  of  57°  0.  for  15  hours  or  of  58°  C.  for 
7  hours.  The  li([uid  was  then  made  30  %  saturation  with  ammonium 
sulphate^  and  the  ensuing  precipitate  (Fraction  1)  separated  by 
filtration. 

The  Fraction  1  precipitate  was  suspended  in  saturated  brine.  The 
brined  liquid  was  filtered  from  the  insoluble  euglobulin  and  the  filtrate, 
containing  in  solution  the  pseudoglobulin  and  antitoxin  which  had 
been  present  in  the  Fraction  1  precipitate,  was  made  0-25  %  with  glacial 
acetic  acid.     The  ensuing  precipitate  was  filtered,  pressed  and  dialysed. 

^  The  phrase  "made  a:  %  saturation  vvitli  ammonium  sulphate"  has  been  used  to 
indicate  the  foUovving:  to  100— a:  parts  of  the  serum  by  vohime  there  was  added  x  parts 
by  vohime  of  a  saturated  aqueous  sohition  of  ammonium  sulphate. 
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The  filtrate  from  Fraction  1  was  made  54  %  of  saturation  with 
ammonium  sul|)liate  and  the  precipitate  (Fraction  2)  thus  formed  was 
filtered,  pressed  and  dialysed.  The  residue  from  the  dialysis  of  the 
second  Fraction  precipitate  is  the  more  potent  and  may  be  used 
separately.  In  practice  the  dialysis  residues  from  Fractions  1  and  2 
wore  usually  mixed  and  the  requisite  amount  of  salt  and  preservative 
was  added.  The  finished  product  by  this  method  had  a  protein  content 
of  about  18  to  20  %  and  a  unitage  per  c.c.  about  4  to  5  times  greater 
than  that  of  the  original  plasma. 

In  1912-13  Banzhaf  introduced  his  One  Fraction  method  in  which 
serum  or  plasma,  diluted  with  half  its  volume  of  water  and  made  30  % 
of  saturation  with  ammonium  sulphate,  is  brought  up  to  a  temperature 
of  G0°  C.  and  kept  at  that  temperature  for  a  few  minutes  only,  the 
entire  heating  process  taking  about  2  hours  in  all. 

The  hot  serum  mixture  is  then  filtered.  The  precipitate  of  euglobulin 
is  well  pressed  or  is  washed  with  33  %  saturation  with  ammonium 
sulphate ;  the  washings  are  filtered  and  added  to  the  main  bulk  of  the 
filtrate  which  is  then  made  50  %  of  saturation  wdth  ammonium  sulphate. 
The  ensuing  precipitate,  consisting  of  pseudoglobulin  and  antitoxin,  is 
filtered,  pressed  and  dialysed.  The  dialysis  residues  are  treated  in  the 
same  way  as  in  the  Banzhaf-Gibson  process. 

The  protein  content  of  the  finished  product  is  about  20  %  while 
the  unitage  per  c.c.  is  4  to  5  times  that  of  the  original  serum. 

Banzhaf 's  new  method  certainly  possesses  the  following  advantages 
over  the  former  methods : 

(1)  There  is  only  one  finished  product  for  dialysis. 

(2)  There  is  a  considerable  saving  of  time  as  the  lengthy  process 
of  extracting  the  first  fraction  precipitate  with  brine  is  obviated. 

(3)  The  expenses  incurred  in  the  process  are  considerably  less, 
both  as  regards  labour  and  the  use  of  precipitating  materials,  etc. 

But  unfortunately  practical  experience  shows  that  the  method  is 
not  always  easy  to  work  as  the  production  of  a  readily  filterable  end 
product  which  will  remain  clear  is  dependent  upon  the  condition  of  the 
serum  mixtures  after  the  preliminary  heating  process.  If  the  latter 
do  not  filter  rapidly  and  easily  the  end  product  will  not  be  satisfactory. 
In  such  cases  it  is  necessary  to  allow  the  dialysis  residues  to  stand  in 
the  ice  chest  for  weeks  so  that  the  opalescent  suspension  therein  may 
settle,  otherwise  filtration  through  filter  candles  is  accomplished  with 
great  difficulty  and  the  formation  of  a  solid  deposit  in  the  antitoxin 
in  its  vial  containers  occurs. 
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This  delay  is  a  great  disadvantage  and  nullifies  any  gain  in  time 
which  should  accrue  from  the  fact  that  there  is  only  one  fraction  to 
be  considered. 

Ill  this  laboratory  we  have  ascertained  that  the  irregularities  in  the 
filtration  can  be  obviated  by  the  addition  of  \\  to  2  %  of  solid  sodium 
chloride  to  the  serum  mixtures  thus: 

The  serum  or  plasma  is  diluted  with  one-half  its  volume  of  water, 
made  30  or  31  %  of  saturation  with  ammonium  sulphate  and  to  the 
mixture  is  added  1 J  to  2  %  of  solid  sodium  chloride..  The  temperature 
of  the  mixture  is  gradually  raised  to  iW  or  03'^  C.  and  kept  at  the 
chosen  temperature  for  not  more  than  live  minutes.  The  mixture  is 
cooled  to  40°-45°  C.  before  filtration. 

The  filtration  of  the  hot  mixture  and  of  the  subse(juent  50  % 
saturation  mixture  proceeds  rapidly.  Moreover  the  end  product  has, 
up  to  the  present,  proved  satisfactory. 

Banzhaf  considers  that  in  his  new  process  the  value  of  the  heating 
lies  in  the  conversion  of  soluble  pseudoglobulin  into  a  further  amount 
of  euglobulin  and  that  the  rapid  filtration  of  the  serum  mixture  depends 
upon  the  success  of  the  operation,  in  a  recent  communication  (1916), 
however,  I  have  demonstrated  that  there  is  no  appreciable  conversion 
of  soluble  into  insoluble  protein  under  the  heating  conditions  advocated 
in  his  One  Fraction  process.  The  value  of  the  heating  process  lies  in 
the  complete  aggregation  of  the  particles  of  precipitated  euglobulin  into- 
conglomerates  of  such  dimensions  that  they  are  readily  retained  on  the 
surface  of  filter  paper.  The  particles  of  euglobulin  not  sufficiently 
aggregated  to  be  retained  by  the  filter  paper  will  ultimately  be  an 
impediment  to  the  filtration  of  the  final  product  through  filter  candles. 
Any  suspensoid  particles  of  euglobulin  passing  through  the  filter  candles 
will  impart  an  opalescent  appearance  to  the  finished  product,  and  will 
gradually  be  deposited. 

Also,  I  drew  attention  to  the  variability  of  the  precipitating  power 
of  30  and  31  %  of  saturation  with  ammonium  sulphate.  It  was  noticed 
that  with  sera  in  which  there  had  been  a  comparatively  slight  removal 
of  protein  by  30  or  31  %  of  saturation  with  ammonium  sulphate,  the 
heated  serum  mixtures  without  exception  filtered  badly.  The  addition 
of  1 J  to  2  %  of  sodium  chloride  to  the  serum  mixtures  before  heating 
remedied  this  defect. 

From  these  and  from  other  observations  it  was  concluded  that  the 
reaction  of  the  sera  and  of  the  serum  mixtures  must  be  taken  into 
account  before  the  Banzhaf  New  One  Fraction  method  could  be  depended 
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on  to  luiiiisli  a.  pciiiiaiK'iitl}'  satisfactory  v,\u\  ])i()<lii('t.  In  t  his  coiincctioii 
an  i!iv(\sti,L,'atioii  is  beiii<if  pursued  as  to  vvhetlKM-  the  sodium  chh)ride 
improves  1  he  liltratiou  mainly  by  virtue  of  its  specific  action  on  ^Hobulins 
()i-  by  decreasiii<^  the  hN'droIysis  of  the;  phospliate  of  sodium  to  which 
t  he  alkalinity  is  due.  1  f  the  latter  be  the  case  then  the  desired  improve- 
ment in  filtration  should  be  obtained  by  the  addition  to  tlie  nuidium  of 
the  amount  of  acid  necessary  to  adjust  the  reaction  to  that  reijuired 
for  optimum  precipitation. 

As  the  experimental  woik  involved  in  this  investi^'ation  must  of 
necessity  extend  over  a  considerable  period  of  tinu3,  1  have,  iji  the 
meantime,  s()u<i^ht  for  some  better  method  of  removing  from  the  serum 
mixture  a  relatively  greater  amount  of  protein  without  increasing 
the  loss  of  antitoxin  and  without  adding  to  the  labour  involved :  the 
idea  being  to  diminish  as  far  as  possible  the  amount  of  euglobulin  in 
opalescent  suspension  in  the  final  product. 

The  necessary  clue  was  furnished  by  a  study  of  the  changes  taking 
place  in  the  solubility  of  serum  proteins  during  the  heating  of  serum 
or  plasma  (Table  I).     The  changes  may  be  summarised  as  follows: 

(1)  If  serum  or  plasma  be  heated  just  to  a  temperature  of  61°  or 
63°  C.  and  kept  at  that  temperature  for  a  few  minutes  only,  there  is 
no  appreciable  change  in  the  solubility  of  the  serum  proteins  neither  is 
there  any  change  in  the  precipitating  power  of  30  %  of  saturation  with 
ammonium  sulphate.  The  heating  process  merely  serves  to  completely 
aggregate  the  particles  of  precipitated  euglobulin  into  a  filterable  form. 

(2)  If  diluted  serum  or  plasma  be  heated  to  a  temperature  of  61°  or 
63°  C.  and  be  kept  at  those  temperatures  for  about  1  hour  there  is  a 
considerable  change,  about  25  %,  in  the  precipitating  power  of  30  %  of 
saturation  with  ammonium  sulphate.  There  is  also  a  corresponding 
change  if  the  serum  or  plasma  be  heated  just  to  67°  (about  15  to  20  %). 

(3)  If  serum  or  plasma  diluted  with  one-third  its  volume  of  water 
be  heated  to  a  temperature  of  55°  C.  for  15  hours  there  is  only  a  slight 
change  in  the  solubility  of  the  serum  proteins.  But  there  is  a  10  % 
increase  in  the  precipitating  power  of  30  %  saturation  with  ammonium 
sulphate. 

(4)  If  diluted  plasma  or  serum  be  'heated  to  a  temperature  of 
56°-57°  for  15  hours,  or  to  58°  for  7  to  8  hours,  there  is  again  only  a  slight 
change  in  the  solubility  of  the  serum  proteins.  But,  the  precipitating 
power  of  30  %  ammonium  sulphate  is  increased  from  30  to  49  %. 

The  changes  in  (4)  are  comparable  with  those  observed  by  Banzhaf 
(1908).     He  regards  them  in  the  light  of  a  conversion  of  pseudo-  into 
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oii«^'lobiiliu,  but  in  view  ot"  the  work  of  Hardy  (l^iUD),  Ciiick  and  Alartiii 
(lurj)  it  is  mure  probable  that  the  cliaiiges  taking  place  in  (1),  (2),  (3) 
and  (4)  are  of  the  nature  of  a  heat  denaturation  t>f  proteins. 

In  devising  a  new  method  for  the  concentration  of  antitoxic  sera 
there  were,  in  view  of  my  experimental  observations,  the  following 
factors  to  be  borne  in  mind: 

(1)  The  complete  aggregation  under  the  influence  of  heat  of  the 
suspensoid  particles  of  precipitated  euglobulin  into  conglomerates 
sufficiently  large  to  be  retained  on  tlie  surface  of  filter  paper. 

(2)  The  heat  denaturation  of  serum  proteins  whereby  tlirir  pre- 
cipitability  by  30  %  saturation  with  ammonium  sulphate  is  considerably 
increased. 

(3)  The  stimulating  effect  of  the  addition  of  1-5  to  '2  %  of  solid 
sodium  chloride  on  the  process  in  (2)^ 

Experimental  work  was  then  undertaken  in  order  to  ascertain  the 
most  favourable  conditions  under  which  to  ensure  tlie  denaturation 
of  the  proteins  without  appreciable  loss  of  antitoxin.  It  was  found 
that  the  more  rapid  denaturation  induced  by  heating  the  serum  or 
plasma  at  61"^  or  63^^  C.  for  an  hour  was  followed  by  an  appreciable 
loss  of  antitoxin.  With  the  prolonged  heating  of  the  serum  or  plasma 
at  55°  C.  there  was  a  slight  loss  only  of  antitoxin  but  at  the  same  time 
the  denaturation  of  the  proteins  was  only  10  %.  At  temperatures 
between  56°-58°  C.  there  was,  comparatively  speaking,  a  slight  loss 
only  of  antitoxic  units  while  there  was  a  considerable  denaturation  of 
protein. 

The  technique  adopted. 

The  serum  or  plasma,  diluted  with  one-third  or  even  with  only 
one-fifth  its  volume  of  water,  and  made  1-5  to  2  %  with  solid  sodium 
chloride,  is  heated  to  a  temperature  of  5G°-57°  C.  for  15  hours  or  to 
57°-58°  C.  for  8  hours2  (Stage  I). 

During  the  prolongod  heating  ci  considerable  change  in  the  precipitability 
of  the  proteins  occurs  (Tables  11 «  and  b). 

^  Our  experiments  so  far  are  in  favour  of  the  adjustment  of  tlic  medium  by  means 
of  salt  rather  than  by  tlie  addition  of  acid. 

-  Wc  prefer  to  heat  the  serum  or  plasnui  at  the  lower  temperature  for  the  longer 
period.  But,  in  the  routine  work  it  is  sometimes  more  convenient  to  make  arrangements 
for  an  8  hours'  than  for  a  15  hours'  heating. 

It  is  not  really  necessary  to  dilute  the  plasma  or  serum  in  order  to  ensure  the  required 
change  during  the  prolonged  heating,  for  the  heat  denaturation  takes  plaee  to  the  same 
extent  in  the  undiluted  as  in  the  diluted  fluid.      But  in  order  to  obtain  the  best  conditions 
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The  licaU'd  pliisiiia  is  tlicii  Jiiadc  oi)  %  ol  saturation  with  aiiiiiioiiiuiii 
sulj)liatc  and  the  mixture  is  heated  to  a  temperature  of  01''  C.  and  kept 
at  that  temperature  for  a  few  minutes  only  (Stage  II). 

By  raising  tho  temperature  of  tlie  Heruin-aiiiiiionimn-.sulpliate  mixtures  to 
OF  the  aggregation  of  the  partieles  of  HUHpen.sold  protein  into  a  preeii)itate 
which  can  be  rtvuhly  separated  by  fiUration  throu^li  paper  takes  place  without 
the  precipitation  of  a  further  amount  of  soluble  protein  and  without  loss  of 
antitoxin. 

The  mixture  after  cooling  to  •10°-45°  C.  is  filtered.  The  precipitate 
is  washed  with  33  %  of  saturation  with  ammonium  sulphate.  The 
washings,  after  being  filtered,  are  added  to  the  main  bulk  of  the  filtrate 
which  is  then  made  50  %  of  saturation  with  ammonium  sulphate. 

The  resulting  precipitate  is  filtered  off,  pressed  and  dialysed.  The 
pressed  precipitate  has  a  yellowish  colour  and  not  the  bluish  green 
colour  of  Banzhaf's  product. 

To  the  residues  from  dialysis  are  added  the  necessary  amounts  of 
salt  and  preservative.  The  final  products  in  bulk  are  of  a  reddish  brown 
colour  and  do  not  exhibit  even  a  trace  of  an  opalescent  suspension.  In 
layers  of  about  1  to  2  inches  thick  the  liquids  are  transparent  and  are 
of  a  yellowish  brown  colour. 

The  filtration  of  these  products  through  pulp  and  through  Pasteur- 
Chamberland  filters,  up  to  the  time  of  writing,  has  presented  no  difficulty. 
Moreover  the  dilution  of  the  dialysates  with  two  or  three  times  their 
bulk  of  1  %  saline  does  not  impair  their  ease  of  filtration.  In  this 
respect  alone  the  final  product  is  superior  to  that  obtained  in  the  Banzhaf 
One  Fraction  process. 

In  the  method  thus  advocated  in  this  paper  there  have  been  incor- 
porated the  important  factors  in  the  Banzhaf-Gibson  Two  Fraction 
method,  the  Banzhaf  One  Fraction  method  and  in  my  modification 
of  the  latter. 

The  method  was  carried  out  at  first  on  an  experimental  scale  and 
promised  success :  it  was  then  used  with  a  batch  of  10  litres  of  oxalated 
plasma.     It  was  found  that,  during  the  process  the  removal  of  about 

for  a  satisfactory  precipitation  and  subsequent  heat  aggregation  of  the  protein  j^rccipitated 
by  30  %  saturation  with  ammonium  sulphate  it  is,  in  our  opinion,  necessary  to  make  the 
above  dilution  with  water  before  adding  the  necessary  amount  of  ammonium  suljjhatc 
solution. 

So  far  as  the  denaturation  without  loss  of  antitoxin  is  concerned  the  same  results  may 
be  obtained  by  making  the  plasma  or  scrum  30  %  of  saturation  with  ammonium  sulphate 
previous  to  Stage  I  of  the  heating  process.  But  in  this  case  the  end  product  is  not  so 
satisfactory  :  it  is  cUstinctly  opalescent. 
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7U  7o  of  the  total  proteins  of  the  original  plaHiiia  wa8  effected,  and  at 
the  same  time,  even  though  the  })recipitate  from  the  30%  saturation 
with  ammonium  sulphate  had  not  been  extracted,  there  waiS  only  a 
loss  of  10  %  of  antitoxic  units.  The  end  product  was  so  satisfactory 
that  routine  concentrations  were  carried  out  by  this  method. 

Several  batches  of  plasma  and  of  serum,  each  of  100  litres,  have 
been  concentrated  so  far  with  excellent  results  both  for  tetanus  and 
for  diphtheria  antitoxic  sera.  The  details  of  typical  concentrations 
carried  out  by  this  method  and  by  the  Banzhaf  One  Fraction  process 
are  given  in  Table  HI. 

The  denaturation  of  the  serum  proteins  during  the  prolonged  heating 
of  the  serum  and  their  C()nse(]uent  increased  precipitation  by  30  %  of 
saturation  with  ammonium  sulphate  has  led  to  the  preparation  of  a 
final  product  in  which  the  protein  content  is  about  17-19  %  while  the 
unitage  per  c.c.  has  been  increased  to  8-9  times  that  of  the  original 
serum.  Moreover  if  the  process  be  carried  out  with  the  customary 
precautions  against  undue  loss  and  if  all  precipitates,  filter  papers,  etc., 
used  in  the  process  be  carefully  washed  with  33  %  ammonium  sul})hate 
and  added  to  the  main  filtrates  from  the  first  precipitate,  the  loss  of 
antitoxic  units  need  not  be  greater  than  10  %  ;  in  fact  it  can  be  reduced 
to  as  little  as  5  %. 

Furthermore,  the  final  product  is  a  clear  limpid  fluid  which,  even 
on  dilution  with  2  or  3  parts  of  a  1  %  salt  solution,  shows  no  trace 
of  opalescence  and  therefore  should  remain  permanently  clear. 

The  method  given  above  is  an  improvement  on 

A.     The  Gibson- Banzhaf  Method  for  four  reasons. 

(1)  There  is  only  one  fraction  to  consider  and  the  extraction  of 
the  first  precipitate  with  brine  is  no  longer  necessary.  This  involves 
the  saving  of  time,  labour  and  materials. 

(2)  The  heating  of  the  serum  made  30  %  of  saturation  with 
ammonium  sulphate  serves  to  agglutinate  the  suspensoid  particles  of 
protein  into  conglomerates  sufficiently  large  to  be  retained  by  filter 
paper.  In  the  Gibson-Banzhaf  process,  in  order  to  ensure  the  retention 
of  these  particles,  it  was  often  necessary  to  increase  the  percentage  of 
ammonium  sulphate  to  35. 

(3)  The  potency  of  the  finished  product  is  nearly  twice  as  great  as 
that  obtained  by  the  Banzhaf- Gibson  process  while  the  protein  content 
is  only  17  to  19  %. 

(Jr)     The  total  loss  of  antitoxic  units  need  not  be  greater  than  10  %. 
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And  on 

P).      'llic  Banzhitf  One  Fraction  Process  for  three  reasons. 

(I)  !>}'  tlic-  riunoviil  of  a  much  ^nniatcu"  mnouut  of  protein,  as  u 
icsiilt  of  the  liciit  dciuitunitioii  of  soriiin  proteins  and  their  consequent 
increased  precipitability  by  30  %  of  saturation  with  aninioniuni  sulphate, 
there  is  less  likelihood  of  filtration  difficulties. 

{'!)  By  the  addition  of  U  to  2  %  of  sodium  chloride  to  the  serum 
mixture  there  is  an  adjustment  of  the  reaction  of  the  medium  towards 
the  conditions  re(|uired  for  more  complete  precipitation  of  the  particular 
proteins  thrown  out  of  emulsoid  solution  by  the  ?A)  %  saturation  with 
ammonium  sulphate.     This  factor  has  a  beneficial  effect  on  filtration. 

(3)  The  finished  product  is  nearly  twice  as  potent  per  c.c.  as  that 
obtained  by  the  concentration  of  the  same  sera  by  Banzhaf's  One 
Fraction  method  without  containing  a  higher  percentage  of  protein. 


Summary. 

The  method  for  the  concentration  of  antitoxic  sera  suggested  in 
this  communication  and  now  being  used  in  this  laboratory,  presents 
a  further  step  towards  the  desired  goal,  viz.  the  preparation,  on  a 
commercial  scale  for  general  therapeutic  use,  of  antitoxic  sera  with 
a  minimal  amount  of  attendant  protein. 

In  the  concentration  of  sera  on  a  large  scale  by  the  routine  methods 
hitherto  published  the  final  products  have  shown  a  protein  content  of 
about  18  to  20  %  with  a  potency  per  c.c.  four  to  five  times  that  of  the 
original  serum.  The  above  described  method  yields,  as  a  matter  of 
routine,  a  final  product  with  a  protein  content  of  about  17  to  19  %  and 
with  a  potency  per  c.c.  as  much  as  nine  times  that  of  the  original  serum. 
With  the  use  of  better  processes  the  potency  might  be  higher  still. 

It  is  worth  while  to  concentrate  by  this  method  plasma  or  sera  in 
which  the  unitage  is  so  low  that  hitherto  they  would  have  been  discarded 
as  having  too  low  a  potency  for  use  even  after  concentration. 

The  patient  will  receive  a  relatively  higher  percentage  of  antitoxic 
units  per  gram  of  protein  than  if  the  sera  had  been  concentrated  by 
other  methods,  for  by  this  method  the  removal  of  70  %  of  the  total 
proteins  is  ensured. 

The  heat  denaturation  of  the  proteins  during  the  prolonged  heating 
of  the  serum  and  consequent  diminution  of  protein  relatively  to  antitoxin 
may  serve  to  minimise  troubles  with  serum  sickness. 


'M)^i  Atififtfj'ic  Sf'ra 

lu  coiicliisiou  I  desire  to  express  my  thanks  to  Dr  A.  T.  MacConkey 
tor  the  interest  he  has  taken  in  the  work  untl  tor  tlie  facilities  accorded 
to  me  for  the  furtherance  of  tlie  investigation. 
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TAIiiJvS     11  il    AND    h. 

Chau^'es  in  (li»'  situiu  proteins  cluiiii^'  the  two  sta«(t'.s  of  the  heating 
process  adopted  in  the  method  described  in  this  paper. 

In  Table  11  a,  durin*^  Stage  I,  the  diluted  oxalated  |)lasnia  or  serum, 
to  which  had  been  added  2  %  of  salt,  was  heated  to  50° -57''  for  15  hours. 
In  Table  116  this  preliminary  heating  was  conducted  at  a  temperature 
«)f  58^  for  7-8  hours. 

In  both  cases  the  heated  iicpiids  were  made  30  %  of  saturation  with 
ammonium  sulphate  and  the  mixtures  were  then  heated  just  to  a 
temperature  of  Gl°  (Stage  11). 

TAULE    11^/.     Batch  T.R.  ;i5. 

(i)  ChaiiKtis  in  Uie  solu-  (ii)    Chaii^'es  iu  the  pre 

bility  of  the  Serum  Pro-  cipitability  «)f  proteiii.s  l»v 

teins.  30  /„  of    siituration    with 

'                           I'erceiitaKe  of  protein  ill  .\iii..SO^. 

solution   cahailated   from  reiceiitiiKo  of  protein  in 

tlio    Kefractometrr  Read  solution   in    the    Hltrates 

iiigs    ami     expresseil    in  from   making'    the   serum 

terms     of     the     original  in  (i)  3U  /    of  saturation 

jilasma  with  Am-SO, 

Stac}E  1.     The  ptolonf/ed  hcalimj  of  the  dilated  serum  i    2  %  NciCl 

at  5()°-57'^  for  15  hours. 

Serum  +  J  its  vol.  of  H.,0  +  2  %  (»•  K)  5'JO 

Naa(=A) 

Scnun  +  i  its  vol.  of  H..C)  +  2  %  5-90  :iiH) 

NaCl  heated  to  5b°-57''C.  for 
15  hours  (=B) 

Stage  11.      The  rapid  heatituj  of  B  made  30  ^J^,   u'ith  Affi._,SO^ 

just  to  Gl'^C. 

Mixture  U  made  .'](►  *\,  of  satur-  —  31)0 

atioii  with  AuuSOj 

do.         do.       heated  just  to  —  3i)0 

Thus  during  the  15  hours'  heating  in  Stage  1  there  has  been  an 
increased  precipitation  of  31-5  %  of  the  soluble  protein  by  30  %  of 
saturation  with  annnonium  sulphate.  During  the  heating  process  in 
Stage  II  there  has  been  no  further  conversion  of  soluble  into  insoluble 
protein. 
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TABLE   Uh.     Batch  T.R.  38. 

(i)   ('hanges  in  tlie  Holu-  (ii)    ClianKes  in  the  i>re- 

bility  of  the  Serum  I'ro-  f;ii)itahility  of  iiroteiiiH  by 

teins.  30  /    of    saturation    witli 

Tercentageof  i)rotein  in  Ani.»S()4. 

solution  calculated   from  I'ercentage  of  i)rotein  in 

tlie  Uefractometer  Read-  solution    in   tiie    filtrates 

ings    and     exi)res8ed    in  from   making  tlie    serum 

terms     of     the     original  in  (i)  ."?()  /    of  saturation 

plasma  with  AmjS()4 

Stage  I.     The  prolonged  heating  of  the  diluted  serum  +  IJ  %  NaCl 

at  57°-58°  for  8  hours. 

Scrum +  ^  its  vol.  of  H20  +  1J%  7-10  5-52 

NaCl(=A) 

Serum  +  .\itsvol.ofH20  +  li%  6-99  3-76 

NaCl  after  being  heated  to 
57°-58°  C.  for  8  hours  (  =B) 

Stage  II.     The  rapid  heating  of  B  made  30  %  with  Am^SO^ 

just  to  ere, 

B   made   30%   of   saturation  —  3-76 

with  Am2S04 

do.        do.         and  heated  —  3-76 

just  to  or  C. 

During  the  8  hours'  heating  of  the  serum  in  Stage  I  there  has  been 
an  increased  precipitation  of  31-3  %  of  the  soluble  protein  by  30  %  of 
saturation  with  ammonium  sulphate.  During  the  heating  process  in 
Stage  II  there  has  been  no  further  conversion  of  soluble  into  insoluble 
protein. 
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TABLE   III. 

A  comparison  between  the  resultH  ()})tiAine(l  for  the  concentration 
of  antitoxic  sera  by  the  Banzhaf  One  Fraction  method  jukI  by  the 
method  advocated  in  this  paper. 


Sera  concentrated  by  Banzhat's 
One  Fraction  method 

A.     Diphtheria  Antiioxic  Sera. 

Hatch  No.  D.R.  31  (50  litres  of  oxalatod 
pUisnia) 

Before  concentration  : 

Unitai];o  por  c.c.  —500 
Protein  content  — 700  *',\ 

After  concentration  : 

Unitage  per  c.c,  —2000 
Protein  content  ^20-10  % 

Loss  of  antitoxic  units  during 
the  process     12  "o 

Amount  of  protein  removed  — 
25-4  \,  of  total 

Potency  increased  by  4  times 


Sera  concentrated  by  the  new 
method  given  above 


Hatch  No    D.R.  '^'^  (100  litres  oxalated 
plasma) 

Before  concentration  : 

Llnitai^e  per  e.e.  —275 
Protein  content-  T'JO  % 

After  concentration  : 

Unitage  per  c.c.  —2200 
Protein  content  -  17-5  % 

Loss  of  antitoxic  units  during 
the  process     8  % 

Amount  of  protein  removed  — 
70-4  ",,  of  total 

Potency  increased  by  8  times 


B.     Tetanus  Antitoxic  Sera. 
Hatch  No.  T.R.  31  (100  litres) 

Before  concentration  : 

Unitatre  per  c.c.  =  175 
Protein  content  =  6-99  % 

After  concentration : 

Unitage  per  c.c.  =850 
Protein  content  =  20-2  % 

Loss  of  antitoxic  units  during 
the  process     20  ',,* 

Amount  of  protein  removed  = 

40-4  'o  of  total 
Potency  increased  by  5  times 

(nearly) 


Batch  No.  35  T.R.  (100  litres) 

Before  concentration  : 

Unitage  per  c.c.  =  100 
Protein  content  =  ()-47  % 

After  concentration  : 

Unitage  per  c.c.  =900 
Protein  content  =  19-0  % 

Loss  of  antitoxic  units  during 
the  process     10  ",, 

Amount  of  protein  removed  = 

68-9 '\,  of  total 
Potency  increased  by  9  times 


*  In  this  particular  concentration  the  percentage  loss  of  antitoxic  units  was  greater 
than  usual.    Our  average  loss  by  the  Banzhaf  One  Fraction  process  is  of  the  order  of  10  %. 
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ON  FACTORS  LIMITING  THE  EXTENT  OF  THE 
CONCENTRATION  OF  ANTITOXIC^  SERA  BY 
THE  FRACTIONAL  PRECIPITATION  METHODS 
AT   PRESENT   EMPLOYED. 

By  ANNIE   HOMER. 

(From  the  Lister  Institute,  Elstree.) 

The  use  of  concentrated  antitoxic  sera  in  the  treatment  of  diph- 
theria and  tetanus  has  been  generally  recommended  with  a  view  to 
minimising  the  troubles  of  serum  sickness.  For,  during  the  process  of 
concentration  of  sera,  there  is  a  removal  of  the  proteins  not  associated 
with  antitoxin.  It  is  thus  possible  to  administer  large  doses  of  anti- 
toxin with  far  less  discomfort  to  the  patient  and  with  the  introduction 
of  a  considerably  smaller  amount  of  the  proteins  of  horse  serum  than 
if  the  original  unconcentrated  sera  had  been  used. 

The  aim  of  any  concentration  process  is  therefore  the  preparation, 
on  a  commercial  scale  for  therapeutic  uses,  of  antitoxic  sera  which  shall 
contain  a  minimum  amount  of  attendant  protein. 

In  a  previous  communication  (Homer,  1916)  it  has  been  shown  that, 
in  the  method  recently  adopted  in  this  laboratory  for  the  concentration 
of  sera,  a  removal  of  from  65  to  70  %  of  the  total  proteins  of  the  original 
serum  is  effected  with  a  consequent  increased  potency  eight  to  nine 
times  that  of  the  original  serum. 

The  new  method  thus  presented  a  step  towards  the  desired  goal, 
for  by  previous  methods  there  had  been  a  removal  of  about  40  %  of 
the  total  proteins  with  a  consequent  increased  potency  of  from  four  to 
five  times.  From  experimental  observations  it  was  evident  that  the 
heat  denaturation^  of  the  serum  proteins  was  the  primary  factor 
influencing  the  removal  of  protein  beyond  that  obtained  by  the  methods 
previously  in  vogue. 

1  Throughout  this  paper  the  term  "heat  denaturation"  is  used  as  a  convenient  term 
for  the  increased  precipitabiUty  of  the  serum  proteins  by  30%  of  saturation  with  am- 
monium sulphate  induced  by  the  prolonged  heating  of  serum. 
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i^oinc  (Icliiiilo  I'eliitioii.sliip  thus  exists  bctwoen  the  extent  of  the 
lemoval  of  uimecessary  protein  from  the  serum  and  the  degree  of 
concentration  of  antitoxin  in  the  final  product.  Therefore  the  question 
arose  as  to  whether  the  heat  denaturation  of  the  proteins  could  not  be 
induced  to  an  extent  greater  than  that  obtained  in  our  new  process  so 
as  to  yield  a  final  product  in  which  the  percentage  of  protein  had  been 
still  further  reduced. 

In  the  course  of  experimental  work  I  have  ascertained  that  the 
heat  denaturation  of  the  serum  proteins  is  considerably  influenced  by 
the  presence  of  acid  and  of  electrolytes.  But,  as  was  anticipated,  the 
presence  of  acid  during  the  prolonged  heating  of  sera,  even  at  57-58°  C, 
under  some  conditions  has  a  deleterious  effect  on  the  antitoxin :  a  loss 
of  as  much  as  50  %  of  the  antitoxin  has  been  measured.  On  the 
other  hand,  as  is  shown  in  Table  I,  in  the  presence  of  the  electrolytes 
employed  there  was  no  appreciable  destruction  of  antitoxin  at  a  tem- 
perature of  57-58°  C.  Heating  the  serum  in  presence  of  30  %  of 
ammonium  sulphate  to  a  temperature  of  61°  and  63°  for  2  hours  re- 
sulted in  the  destruction  of  20  %  of  the  antitoxin.  With  10  to  20  % 
of  sodium  chloride  there  was  no  loss  after  2J  hours'  heating  at  62°  C. 
But,  when  the  serum  was  saturated  with  salt  and  heated  to  62°  for 
2|  hours  the  mixture  coagulated ;  the  residue  after  dilution  with  an 
equal  bulk  of  1  %  saline,  was  tested  for  its  antitoxin  value  and  showed 
a  loss  of  about  50  %. 

In  view  of  these  results  the  use  of  sodium  chloride  as  the  de- 
naturating  agent  was  more  carefully  investigated. 

Serum  or  plasma  was  diluted  with  one-third  its  volume  of  water, 
definite  amounts  of  the  electrolyte  were  added  and  the  diluted  serum 
was  then  heated  to  a  temperature  of  57-58°  C.  for  periods  of  7  to 
8  hours.  The  heated  liquid  was  made  30  %  of  saturation  with  am- 
monium sulphate,  the  temperature  raised  just  to  60°  C,  and  the  mix- 
ture cooled  to  50°  C.  and  filtered.  The  precipitate  {First  Fraction 
Precipitate)  was  washed  with  30  %  saturated  ammonium  sulphate  and 
the  washings  added  to  the  main  bulk  of  the  filtrate.  The  filtrate  and 
washings  were  then  brought  up  to  50  %  of  saturation  with  ammonium 
sulphate  and  filtered.  The  precipitate  (Second  Fraction  Precipitate) 
was  pressed  and  dialysed.  The  residue  from  the  dialysis  of  this  pre- 
cipitate was  made  0-35  %  with  cresylic  acid  and  the  necessary  amount 
of  salt  was  added  (Final  Product). 

The  protein  and  the  antitoxic  contents  of  the  final  products  were  esti- 
mated in  the  usual  way  and  were  compared  with  those  of  the  original  serum. 
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TABLE  IT  a. 

The  precipitation  of  serum  proteins  by  the  addition  of  sodium  chloride 
to  plasma  (1)  previously  diluted  with  half  its  volume  of  water,  and 
(2)  previously  diluted  with  half  its  volume  of  water  and  made  30  % 
of  saturatio7i  with  ammonium  sulphate. 


(1) 


(2) 


Percentage  of 

NaCl  added  to  tht- 

diluted  plasma. 

Percentage  of  ilesidual 
Protein  in  wolution  in 

tlie  plasma  after  the 
addition  of  (lie  various 

percentages  of  NaCl. 

Kxpressed  in  terms  of 
the  original  plasma 

T'ercentage  of  Residual 

J'rotein  in  solution  after 

making  the  salted  plasma 

30%  saturation  with 

ammonium  sulphate. 

Expressed  in  terms  of 

the  original  i)l;isma 

0 

7-70 

6-20 

1 

7-68 

6-20 

2 

7-68 

5-50 

3 

7-65 

5-38 

4 

7-37 

5-37 

5 

7-32 

5-32 

6 

7-32 

5-30 

7 

7-32 

4-15 

8 

7-19 

3-75      . 

9 

6-99 

3-70 

10 

6-86 

TABLE  116. 

3-70 

Showing  the  influence  exercised  hy  sodium  chloride  on  the  precipitation 
of  antitoxin  along  with  the  First  Fraction  Precipitate  both  (1)  before 
and  (2)  after  the  prolonged  heating  of  the  serum. 


Serum  Unitage 
\  1 )     The  unhealed  plasma : 
Adelaide  25/5/16  Tetanus         150 

Adelaide  25/5/16         „  150 


Percentage  of 

salt  added  to 

the  diluted 

plasma 


(2)     The  heated  plasma  : 

Adelaide    1/6/16  Tetanus 

150 

2 

Adelaide    1/6/16 

150 

4 

Adelaide    1/6/16 

150 

8 

Unitage  of  the  filtrate  from  the 
First  Fraction  Precipitate 


150  (guinea  pig  used  in  testing 
the  serum  for  this  unitage  died 
in  90  hours) 

150  (guinea  pig  used  in  testing 
the  serum  for  this  unitage  died 
within  48  hours) 


145  nearly  (guinea  pig  used  in 
testing  the  serum  for  this 
unitage  died  in  90  hours) 

145  just 

100  (guinea  pig  used  in  testing 
the  serum  for  this  unitage  died 
within  90  hours) 
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Where  the  percentage  of  sodium  chloride  added  to  the  serum  had 
been  greater  than  5  it  was  found  advisabh^  to  dilute  the  heated  hquid 
before  the  addition  of  ammonium  sulphate  for  the  first  precipitation. 
Otherwise  as  is  shown  in  Tables  II rt  and  116  there  is  an  increased  pre- 
cipitation of  protein  and  of  antitoxin  in  the  first  precipitate  both  in 
the  unheated  and  in  the  heated  plasma. 

In  Table  Ilia  have  been  incorporated  the  results  of  those  con- 
centrations in  which  the  antitoxic  units  of  the  original  serum  were, 
within  the  limits  of  experimental  erroi',  fully  accounted  for  in  the  final 
product. 

In  Table  III 6  have  been  embodied  the  results  of  concentrations  in 
w^hich,  although  there  had  been  no  loss  of  antitoxin  during  the  heating 
process,  the  final  product  showed  an  appreciable  loss  of  antitoxic  units. 

A  further  investigation,  however,  demonstrated  that  in  the  con- 
centrations thus  studied  the  missing  antitoxin  had  been  brought  down 
in  the  First  Fraction  Precipitate.  None  was  detected  in  the  albumin 
fraction  (filtate  from  Second  Fraction  Precipitate).  Moreover,  the 
antitoxin  thus  brought  down  with  the  First  Fraction  Precipitate  could 
not  be  recovered  by  washing  the  precipitate  with  30  %  saturated 
ammonium  sulphate :  for  this  purpose  extraction  with  saturated  salt 
solution  was  essential. 

A  study  of  the  data  in  Tables  Ilia  and  III 6  reveals  the  fact  that 
there  is  a  limit  to  the  extent  to  which  the  removal  of  the  serwn  prote'ins 
can  he  effected  tvithout  disturbing  the  precipitation  of  the  antitoxin  with 
the  Second  Fraction  Precipitate.  For,  it  is  apparent  that  if  the  per- 
centage removal  of  the  total  serum  proteins  be  increased  much  beyond 
80  %,  there  is  a  consequent  increased  precipitation  of  antitoxin  in  the 
First  Fraction  Precipitate. 

It  is  also  obvious  from  Table  Ilia  that  the  order  of  the  increased 
potency  measured  in  the  Final  Product  depends  upon  two  factors.  The 
one  factor  is  the  extent  of  the  denaturation  induced  during  the  heating 
process  and  its  effect  on  the  removal^  of  proteins  during  the  concentra- 
tion processes.  The  other  factor  is  the  efficacy  of  the  pressing  of  the 
Second  Fraction  Precipitate  before  dialysis. 

From  the  results  thus  recorded  it  will  be  seen  that  it  has  been 
possible  to  concentrate  sera  by  as  much  as  12  times  while  the  percent- 
age protein  content  of  the  Final  Product  has  not  been  greater  than  20. 

In  an  experimental  concentration  in  which  it  was  calculated  that 
the  potency  would  be  increased  by  15  times  it  was  however  found  to 
be  only  8|  times  that  of  the  original.     The  antitoxin,  thus  not  present 
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in  t\\o.  final  product,  was  found  to  be  in  tlio  Kiist  Fraction  Precipitate. 
The  ])hen()inenon  was  somewhat  unexpected  as  the  percentage  removal 
of  total  serum  proteins  was  not  greater  than  66  and  was  well  within 
the  limit  indicated  in  Table  HI  a. 

This  observation,  in  conjunction  with  those  given  in  Table  lllb, 
naturally  suggested  that  there  might  be  a  maximum  load  of  antitoxin 
which  could  be  carried  by  a  fixed  amount  of  protein  in  the  Final  Pro- 
duct obtained  by  the  Fractional  Precipitation  Methods  at  present  in 
use  for  the  concentration  of  sera. 

In  order  to  elucidate  this  point  experimental  concentrations  of 
high  potency  antidiphtheritic  sera  were  carried  out.  The  sera  were 
concentrated  by  Banzhaf's  One  Fraction  Method  which  will  yield  a 
concentration  of  about  4-5  times  with  a  removal  of  about  40-50  %  of 
the  total  serum  proteins.  The  same  sera  were  also  concentrated  by  my 
method  which,  with  a  heat  denaturation  of  30  to  40  %  will  yield  a 
concentration  of  about  8  times. 

From  the  results  of  these  concentrations,  which  have  been  embodied 
in  Table  IV,  it  appears  that  there  is  a  limit  to  the  amount  of  antitoxin 
which  can  he  associated  ivith  a  given  weight  of  protein  in  the  Final 
Product :  this  maximum  amount  is  of  the  order  of  20,000  to  25,000 
diphtheria  antitoxin  units  per  gramme  of  protein. 

The  possible  load  of  tetanus  antitoxin  units  per  gramme  of  protein 
beyond  13,000  units  has  not  been  worked  out  as  high  potency  tetanus 
antitoxic  sera  could  not  be  spared  at  the  present  time  for  experimental 
work. 

In  those  cases.  Table  IV,  in  which  the  load,  by  estimation, 
should  have  been  of  the  order  of  30,000  units  per  gramme  of  protein 
or  more,  it  was  found  that  the  excess  of  units  beyond  the  afore- 
said limit  had  been  transferred  to  the  First  Fraction  Precipitate 
in  spite  of  the  fact  that  the  percentage  removal  of  proteins  was  less 
than  80. 

We  thus  see  that,  by  the  fractional  precipitation  methods  at  present 
in  vogue  for  the  concentration  of  antitoxic  sera,  the  degree  of  con- 
centration is  limited  by  two  factors : 

(1)  The  extent  of  the  removal  of  the  total  proteins  of  the  original 
serum;  and 

(2)  the  maximum  load  of  antitoxic  units  which  can  be  associated 
with  one  gramme  of  protein  in  the  final  product. 

There  will  be  transference  of  antitoxin  to  the  First  Fraction  Pre- 
cipitate if  the  percentage  removal  of  proteins  be  greater  than  80  or  if 
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the  load  of  antitoxin  threatens  to  be  greater  tlian  of  the  order  of  20,000 
to  25,000  units  per  gramme  of  protein'. 

In  a  picvious  connnunioation  (Honu^-,  1910)  I  have  drawn  attention 
to  the  necessity  for  a  study  of  the  hydrogen  ion  concentration  of  the 
sera  to  be  concentrated.  Additional  evidence  in  support  of  this  point 
has  been  forthcoming  dui'ing  the  progress  of  the  present  investigation. 
It  will  be  seen  (Table  Tllr/.)  that,  in  routine  concentrations,  the  heat 
(Icnaturations  varied  from  20  to  45  %  and  as  a  matter  of  practical 
experience  it  has  been  found  that  the  most  satisfactory  end  products, 
from  the  standpoint  of  filtration,  were  obtained  where  the  heat  de- 
naturations  had  been  of  the  order  of  30  to  40  %. 

I  have  ascertained  that  these  variations  are  due  to  differences  in 
hydrogen  ion  concentrations  of  the  respective  sera.  Moreover,  by 
altering  the  reaction  of  the  sera  it  is  possible  to  produce  wide  variations 
in  the  heat  denaturations,  although,  apparently,  the  heat  denaturation 
cannot  be  induced  beyond  certain  limits  without  destruction  of  anti- 
toxin. 

The  adjustment  of  the  reaction  of  the  batches  of  sera  for  concentra- 
tion to  a  definite  hydrogen  ion  concentration  is  proving  of  much  value 
as  it  leads  to  uniform  and  consistent  results.  The  details  of  the  pro- 
cedure adopted  for  the  standardisation  of  the  concentration  process 
by  an  adjustment  of  the  hydrogen  ion  concentration  of  the  sera  will 
form  the  subject  of  a  further  communication. 


Summary. 

The  following  conclusions  of  practical  value  to  those  engaged  in 
serum  concentration  can  be  drawn  from  the  experimental  work 
described  above : 

(1)  An  end  product  containing  not  more  than  20  %  of  protein  and 
having  a  potency  of  8  or  10  times  that  of  the  original  can  be  obtained  as 
a  matter  of  routine  where  the  pooled  antidiphtheritic  sera  has  a  unitage 
not  greater  than  500,  and  where  the  heat  denaturation  is  of  the  order 
of  40  %. 

^  Banzhaf  and  Gibson  (1907)  working  on  an  experimental  scale  with  small  quantities 
of  unheatcd  serum,  state  that,  by  successively  fractionally  precipitatiim  with  ammonium 
sulphate  within  narrow  limits  (50+  and  50-50%  of  saturation),  they  have  obtained  a 
high  potency  fraction  of  the  order  of  45,000  units  per  gramme  of  protein. 
'  Up  to  the  present,  working  with  heated  sera,  I  have  been  unable  to  obtain  a  fraction 
with  so  high  a  unitage  per  gramme  of  protein. 
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(2)  Bv  the  fractional  j)rec'ij)itati()n  methods  at  present  eni|)h>yecl 
for  the  concentration  of  antitoxic  sera  for  therapeutic  use  the  degree  of 
concentration  of  high  potency  sera  cannot  be  taken  beyond  the  hinit 
of  about  22,500  units  of  antitoxin  per  gramme  of  protein  in  the  end 
product. 
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V.  THE  REACTION  OF  SERA  AS  A  FACTOR  IN 
THE  SUCCESSFUL  CONCENTRATION  OF 
ANTITOXIC  SERA  BY  THE  METHODS  AT 
PRESENT   IN   USE. 

By  ANNIE   HOMER. 

From  the  Lister  Institute,  Elstree. 

(Received  February  23rd,  1917.) 

In  a  previous  communication  [1916,  1]  1  suggested  that  the  practical 
difficulties  so  often  encountered  in  the  filtration  of  concentrated  antitoxic 
sera  might  be  due  to  the  fact  that  hitherto  no  cognisance  had  been  taken  of 
the  reaction  of  the  sera  before  being  concentrated. 

With  this  object  in  view  experiments  have  been  carried  out  in  which  the 
effect  of  variations  in  the  reactions  of  the  sera  have  been  considered  with 
reference  to : 

(i)  The  precipitation  of  serum  proteins  by  30  per  cent,  of  saturation 
with  ammonium  sulphate. 

(ii)  The  increased  precipitation  of  the  serum  proteins  during  the 
shortened  heating  process  in  the  Banzhaf  (1913)  method.     [Banzhaf,  1913.] 

(iii)  The  increased  precipitability  of  the  serum  proteins  during  the 
preliminary  heating  of  the  plasma  as  suggested  in  a  previous  paper.  [Homer, 
1916,  2.] 

(iv)  The  practical  application  of  the  results  obtained  from  the  above 
investigations. 

During  the  investigation  of  these  points  there  has  been  accumulated  a 
considerable  amount  of  data  which  shows  that  the  reaction  of  the  serum  is 
an  important  factor  in  the  successful  precipitation  and  heat  denaturation  of 
the  serum  proteins  and  that,  unless  the  reaction  be  in  some  way  controlled, 
apparently  inexplicable  irregularities  are  apt  to  occur  in  the  course  of  the 
concentration. 
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I.       The   EFt'KCT   OF   CHANGES    IN    THE    KEACTION    OF   SERUM   ON   THE    I'KECll'l 
TATION  OE  THE  SERUM   PROTETN'S    WY  'M)   I'F.R  PKXT.    OF    SATURATION   WITH 
AMMONIUM   SULPHATE. 

Several  series  of  experiments  were  conducted  with  oxalated  plasma  from 
different  horses  and  from  batches  of  pooled  plasma  or  serum  made  n\)  for 
concentration. 

In  each  series,  separate  volumes  of  the  test  plasma  were  treated  with  known 
volumes  of  acid  and  of  alkali.  The  plasma,  thus  treated,  was  brought  up  to 
30  per  cent,  of  saturation  with  ammonium  sulphate  by  the  addition  of  the 
necessary  volume  of  a  saturated  solution  of  ammonium  sulphate.  The 
hydrogen  ion  concentration  of  the  plasma  and  of  the  plasma-ammonium- 
sulphate  mixtures  was  measured,  wherever  possible,  by  means  of  indicators 
and  Sorensen's  solutions  in  Walpole's  colorimeter.  The  determinations, 
thus  made,  were  subsequently  checked  by  the  electrical  method  as  it  was 
found  that  many  of  the  indicators  were  rendered  unreliable  in  the  presence 
of  so  much  protein  as  there  is  in  serum.  The  protein  contents  of  the  filtrates 
from  the  serum  mixtures  were  measured  by  means  of  the  Zeiss  immersion 
refractometer. 

TABLE   I. 

Showing  the  influence  of  changes  in  the  hydrogen  ion  concentration  of  the  serum- 
ammonium-sulphate  mixtures  on  the  'precipitation  of  serum  proteins  by  30  % 
of  saturation  ivith  ammonium  sulphate.  {Protein  content  of  the  plasma 
==  7-92  %.  Hydrogen  ion  concentration  of  the  saturated  solution  of  ammo- 
nium sulphate  added  to  the  plasma  =  pj"^  6-480.) 


'olume  of  normal 

acid  (or  et|iiiva- 

lent)  atlduil  to 

100  CO.  of  the 

diluted  plasma 

Volume  of  normal 
alkali  (or  equiva- 
lent) added  to 
UK)  cc.  of  the 
diluted  plasma 

of  the  diluted 
plasma  to  which 
the  acid  or  alkali 
has  been  added, 
measured  by  the 
electrical  methoil 

of  the  filtrate 
from  the  serum- 
ammonium  sul- 
phate mixtures, 
measured  by  the 
electrical  method 

Residual  percentage  of 
protein  in  solution  in 
the  filtrates  from  the 
serum-ammonium- 
sulphate  mixtures, 
measured  by  means 
of  the  refractometer 

— 

19-6  cc.  N  .  NH3 

— 

8-754 

5-75 

— 

131 

— 

8-551 

5-80 

— 

6-55 

9-945 

8-455 

5-90 

— 

3-28 

9-789 

8-022 

6-00 

— 

1-96 

9-304 

7-745 

6-00 

— 

0-98 

8-500 

7-400 

6-30 

000  cc.  N  .  HAc 

000 

7-430 

7-077 

6-30 

0-38 

— 

— 

7-000 

6-52 

1-25 

— 

6-450 

6-43S 

6-60 

2-80 

— 

5-921 

6-021 

6-60 

3-60 

— 

5-440 

5-579 

6-25 

3-76 

— 

5-225 

5-327 

6-20 

3-99 

— 

5025 

5-145 

5-87 

4-99 

— 

4-600 

4-972 

5-02 

600 

— 

4-560 

4-712 

4-52 
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The  data  with  respect  to  one  of  the  series  of  expeniiients  have  been 
embodied  in  Table  I;  comparable  results  were  obtained  with  all  the 
samples    of  serum  and  plasma  investigated. 

A  study  of  Table  I  shows  that  within  certain  limits  (p^  5-3  to  7-4)  the 
reaction  of  the  mixtures  has  little  effect  on  the  extent  of  the  precipitation 
of  the  scMiim  proteins.  Beyond  these  limits  in  both  directions  there  is  an 
increased  precipitation  of  protein  by  the  sulphate.  It  was  also  noticed 
that  the  consistency  of  the  precipitated  euglobulin  was  greatly  influenced 
by  the  reaction  of  the  mixtures.  The  agglutination  of  the  precipitate  into 
a  granular  and  readily  filterable  form  proceeded  most  satisfactorily  at  a 
hydrogen  ion  concentration  of  about  p^  5-3  to  5-0,  i.e.  on  the  slightly  acid 
side  of  the  isoelectric  point  of  euglobulin  (p^  5-5). 

The  state  of  aggregation  of  the  Second  Fraction  precipitate  (50  %  of  satu- 
ration with  ammonium  sulphate)  was  also  dependent  on  the  reaction  of  the 
mixture:  the  conditions  most  favourable  for  this  precipitation  are  in  the 
course  of  investigation. 

II.  The  effect  of  changes  in  the  reaction  of  the  serum  on  the  in- 
creased PRECIPITATION  OF  THE  SERUM  PROTEINS  INDUCED  DURING 
THE  SHORTENED  HEATING  PROCESS  IN  BaNZHAF's   (1913)   METHOD. 

Several  series  of  experiments  were  undertaken  with  samples  of  oxalated 
plasma  from  individual  horses  and  from  batches  of  pooled  plasma  from 
different  horses. 

In  each  series,  to  separate  volumes  of  the  test  plasma  contained  in  stop- 
pered bottles,  was  added  a  known  amount  of  acid  or  of  alkali  together  with 
the  volume  of  a  saturated  solution  of  ammonium  sulphate  necessary  to  bring 
the  sulphate  content  to  30  %  of  saturation.  The  hydrogen  ion  concentration 
and  the  protein  content  of  the  clear  filtrates  from  each  of  the  experimental 
liquids  were  measured  in  the  usual  way.  Experiments  were  carried  out  both 
with  undiluted  plasma  and  with  plasma,  diluted  with  one-third  its  volume 
of  water. 

The  mixtures  were  heated  and  then  filtered.  The  protein  content  of  the 
filtrates  was  estimated  and  compared  with  the  corresponding  value  for  the 
unheated  liquids.  From  the  data  thus  obtained  w^as  calculated  the  per- 
centage increased  precipitation  of  the  soluble  proteins  due  to  the  heating  of 
the  mixtures. 

Comparable  results  have  been  obtained  with  each  of  the  sera  examined 
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irrespective  of  their  protein  content  and  of  their  dilution  with  water.  The 
data  with  respect  to  one  of  the  series  of  experiments  have  been  embodied 
in  Tabk^  II  and  represented  graphically  in  the  curve  in  Fig.  1. 


TABLE   II. 

Showing  the  mjluence  of  changes  in  the  reaction  of  the  sera  on  the  increased 
precipitation  of  protein  during  the  heating  of  the  serum-ammonium-sulphate 
mixtures  to  a  temperature  0/  61°  and  keeping  them  at  that  temperature 
for  7  to  10  minutes.  {Protein  content  of  the  plasma  =  8-72  %.  The 
saturated  solution  of  ammonium  sulphate  added  to  the  plasma  had  a 
hydrogen  ion  concentration  p^  6-480.) 


Volume  of 

iiorttial  arid 

(or  eiiuiviilent) 

added  to  100 cc, 

of  plasma 

diluted  with 

one-third  its 

volume  of  water 

Volume  of 

normal  acid 

(or  fiiuivalt'iit) 

added  to  100  co. 

of  the  diluted 

plasma 

of  the  serum- 
ammonium 
sulpliate  mix- 
tures determined 
by  the  electrical 
method 

Percentage  in- 
crease in  the 
precipitation  of 
the  soluble  pro 
teins  induced 
during  tiie  heat- 
ing of  the  serum 
ammonium  sul- 
phate mixtures 

— 

19-64  cc.  N  .  NH3 

8-754 

17-7 

— 

1304 

8-577 

16-4 

— 

6-52 

8-455 

13-4 

— 

3-28 

8022 

100 

— 

1-96 

7-745 

7-0 

— 

0-98 

7-489 

90 

— 

0-49 

7-312 

7-0 

000  cc.  N  .  HAc 

000 

7-077 

6-3 

0-98 

— 

7  000 

6-8 

1-96 

— 

6-428 

3-0 

2-94 

— 

6-021 

2-8 

3-60 

— 

5-579 

0-5 

3-76 

— 

5-327 

18-0 

3-92 

— 

5-145 

20-7 

4-58 

— 

5001 

39-0 

4-88 

— 

4-972 

52-6 

5-88 

— 

4-712 

72-2 

Itemarks  on  the  filtration  of  the 

heated  serum-ammonium  sulphate 

mixtures 

Readily,  filtrate  clear 
>»  >»  »» 

>>  »»  >i 

„  „     very  slightly  opalescent 

»»  »>  >>  »» 

Less  readily,  filtrate  slightly  opalescent 

>>  >»  »>  >» 

Slowly,  filtrate  opalescent 


Less  slowly,  filtrate  slightly  opalescent 
Readily,  filtrate  clear 


It  was  noticed  that  where  the  hydrogen  ion  concentration  of  the  mixtures 
was  between  the  values  p^  5-3  and  7-0,  the  filtration  of  the  heated  liquids 
was  slow  and  the  filtrates  were  markedly  opalescent.  Throughout  these 
ranges  the  conversion  of  soluble  into  insoluble  protein  was  least.  In  those 
cases  in  which  the  reaction  had  been  more  acid  or  more  alkaline  than  in  the 
above  the  filtration  of  the  mixtures  was  rapid  and  the  filtrates  were  clear, 
while  the  conversion  of  soluble  into  insoluble  protein  was  of  an  appreciable 
order.  On  the  alkaline  side  between  the  ranges  p^  7-0  and  8-7  the  conversion 
gradually  rose  from  5  to  17  %.     On  the  acid  side,  as  is  seen  at  a  glance  in  the 


CONCKNTKATION  OF  ANTITOXIC  SERA 


25 


curve  in  Fi<^.  1 .  tlio  rate  of  increase  was  much  more  marked  ;   it  rose  from  0-5 
to  72  %  between  the  ranges  p^^  5-5  and  '1-7. 

No  tn)u])le  was  experienced  with  flic  filtration  of  the  final  products 
obtained  in  the  concentrations  of  sera  in  which  the  reaction  of  the  serum 
mixtures  previous  to  heating  had  been  adjusted  to  p^^  5-2  or  p^  5-0.  As  was 
however  to  be  anticipated  from  the  cliaracter  of  the  filtration  of  the  hot 
serum  mixtures,  difficulties  were  encountered  with  the  end  products  where 
the  reaction  of  the  serum  mixtures  had  been  between  the  limits  p^  5-3  and  7-0. 
In  these  cases  the  unsatisfactory  filtration  of  the  serum  mixtures  may  be 
ascribed  to  one  of  two  possible  causes ;    either  that  between  these  limits  the 
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Fig.  1.  Curve  representing  the  influence  of  the  reaction  of  the  serum  mixtures  on  the 
percentage  increased  precipitation  of  soluble  proteins  during  the  heating  of  serum-ammonium- 
sulphate  mixtures  by  Banzhaf's  method. 


hydrogen  ion  concentration  is  unfavourable  for  the  complete  agglutination 
of  the  precipitated  proteins:  or  that,  since  near  the  isoelectric  point  the 
heat  denaturation  of  the  serum  proteins  is  least,  it  is  possible  that  in  this 
region  the  proteins  which,  under  more  acid  or  more  alkaline  conditions, 
would  be  appreciably  denaturated  are  in  a  transitory,  semi-emulsoid,  semi- 
rigid stage  and  as  such  impart  a  slimy  consistency  not  only  to  the  serum 
mixtures  but  also  to  the  final  products. 
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It  was  also  found  that,  with  serum  mixtures  more  alkaline  than  p^^  8-0, 
there  was  ditheulty  with  the  filtration  of  the  final  product  even  thout^h  the 
filtrates  from  the  heated  serum  mixtures  were  clear.  In  these  cases,  when 
these  clear  alkaline  filtrates  were  acidified  to  a  point  p^^  5*5  an  opalescence 
was  produced.  Tlie  presence  of  a  certain  amount  of  precipitated  protein 
which  had  been  kept  in  the  disperse  phase  by  the  alkali  was  thus  indicated. 
The  colloidal  aggregates  thus  dispersed  escaped  precipitation  with  the  First 
Fraction  precipitate  but  were  subsequently  precipitated  with  the  Second 
Fraction  precipitate.  They  impart  to  the  residue  from  the  dialysis  of  the 
latter  a  slimy  consistency  and  thereby  considerably  impede  filtration 
through  filter  candles. 

III.     The  effect  of  changes  in  the  reaction  of  sera  on  the  increased 

PRECIPITABILITY   OF  THE   SERUM   PROTEINS  INDUCED    DURING    THE    HEAT- 
ING OF  SERUM  TO  A  TEMPERATURE  OF  57°  FOR  6  HOURS. 

During  the  course  of  our  practical  experience  with  the  method  suggested 
by  me  [Homer,  1916/2]  for  the  concentration  of  antitoxic  sera  it  was  observed 
that  the  heat  denaturation  of  the  serum  proteins  induced  during  the  pre- 
liminary heating  of  the  sera  varied  from  13  to  45  %.  Throughout  the  winter 
and  spring  months  the  values  with  plasma  varied  from  28  to  35  %  while 
with  carbolised  sera  values  as  high  as  45  %  were  reached.  During  the 
summer  months  when  the  horses  were  being  given  a  considerable  amount 
of  green  grass,  the  denaturation  varied  from  13  to  20  %. 

After  a  considerable  amount  of  experimental  w^ork  it  was  ascertained 
that  these  variations  w^ere  due  to  differences  in  the  hydrogen  ion  concen- 
tration of  the  different  plasmas  and  sera.  During  the  summer  months, 
when  the  low  values  for  the  heat  denaturation  were  obtained,  the  oxalated 
plasma  w^as  slightly  less  alkaline  than  that  obtained  during  the  winter  and 
spring  months. 

Samples  of  plasma  from  individual  horses  and  from  batches  of  the  pooled 
plasmas  from  different  horses  were  respectively  diluted  with  one-third  their 
volume  of  water.  The  hydrogen  ion  concentration  of  the  diluted  plasma 
was  measured  in  each  case.  The  reaction  of  the  various  samples  was 
adjusted  to  the  value  of  about  p^  5-6  to  5-9  and  also  to  the  value  p^  8-5.  The 
original  samples  and  the  adjusted  samples  were  heated  in  stoppered  bottles 
to  a  temperature  of  57°  for  6  hours.  The  percentage  increased  precipitability 
of  the  serum  proteins  by  30  %  of  ammonium  sulphate  was  measured  with  the 
aid  of  the  Zeiss  refractometer. 
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The  data  with  respect  to  these  observations  have  been  embodied  in  Ta})le 
ill.  Thov  sliow  (hat  the  variations  in  the  extent  of  the  heat  denaturation 
of  tlio  st'iuni  j)r()((Miis  of  individual  seia  can  ])e  o})viated  by  adjusting  the 
rpiirtioii  of  \\\o  sera  to  some  fixed  valu(\  Thus,  when  the  reaction  was 
adjusted  to  about  p,\ -^^'^  to  5-9  the  denaturation  was  of  the  order  of  10%, 
wliilc  at  tlic  value  f^^^  8-5  it  was  of  the  order  of  ^0  %^ 


TABLE   III. 

Showing  that  the  variation  in  the  heat  denaturation  induced  during  the  heating 
of  different  sawples  of  plasma  at  57°  for  6  hours  can  be  overcome  by  an  ad- 
justment of  the  reaction  of  the  sera  to  a  fixed  degree  of  acidity  or  of  alkalinity. 

Percentage  increased  precipit ability  of  the  serum 
proteins  during  the  heating  of 


Sample 
No. 

Percent- 
age pro- 
tein con- 
tent of  the 
plasma 

Value  for 

pfj  of  the 

diluted 

plasma 

r 

undiluted 
plasma 

diluted  plasma  brought, 
by  the  addition  of 
ammonia,  to  the  hy- 
drogen ion  concentra- 
tion ^+  8-5* 

'I 
diluted  plasma  brought, 
by  the  addition  of 
acetic  acid,  to  the 
hydrogen  ion  concentra- 
tion pfi  5-9* 

1 

8-59 

7-648 

31-1 

— 

— 

2 

812 

7-503 

28-9 

440 

130 

3 

7-80 

7-460 

26-4 

410 

90 

4 

8-59 

7-563 

28-4 

40-0 

120 

5 

6-56 

7-430 

22-3 

41-0 

13-0 

6 

■7-57 

7-346 

23-5 

40-5 

— 

7 

7-92 

7-346 

22-0 

— 

8-7 

8 

6-55 

7-863 

39-0 

43-0 

130 

9 

6-62 

7-346 

210 

41-0 

9-0 

10 

6-60 

7-346 

23-0 

420 

— 

11 

8-40 

6-813 

13-5 

40-5 

— 

12 

1003 

6-990 

13-5 

40-5 

— 

13 

715 

7-000 

17-0 

40-0 

— 

[Similar  results  were  obtained  with  undiluted  plasma.] 
*  Measured  by  means  of  indicators  and  Walpole's  colorimeter. 

In  order  to  elaborate  the  point  still  further  experiments  were  instituted 
in  which  samples  of  different  sera,  previous  to  their  being  heated,  were  treated 
with  acid  and  with  alkali  to  ensure  a  gradation  in  the  reaction  of  the  sera 
from  j)^  4-2  to  9-9. 

Comparable  results  were  obtained  with  each  series  of  experiments.  The 
typical  results  from  one  of  these  series  have  been  embodied  in  Table  IV  and 

^  These  adjustments  were  made  with  the  aid  of  indicators  and  Sorensen's  solutions  in  Walpole's 
colorimeter.  A  certain  amount  of  difficulty  was  experienced  by  me  in  the  matching  of  colours 
in  serum,  especially  so,  with  the  indicators  available,  on  the  acid  side.  I  subsequently  ascertained 
that,  owing  to  my  defective  matching,  the  real  values  of  the  hydrogen  ion  concentration  varied 
from  the  values  aimed  at  by  amounts  sufficient  to  account  for  the  shght  variations  in  the  heat 
denaturation  recorded  in  the  Table. 
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TABLE    IV. 

Showiny  the  influence  of  the  hydrogen  ion  concentration  of  sera  on  the  extent  of 
the  heat  denaturation  of  the  serum  proteins  induced  during  the  prolonged 
heating  of  serum  at  a  temperature  of  ^l""  for  G  hours. 


Tercentage 

Percentage 

increase  in 

conversion 

the  precipl- 

Volume  of 

normal  aeiil 

(or  equivalent) 

added  to  lUO  cc. 

of  tlie  plasma 

diluted  with 

Volume  of 

normal  alkali 

(or  e(juivaleut) 

adde»l  to  lUOcc. 

of  the  plasma 

diluted  with 

of  the 
plasma  de- 
termined 
by  the 

of  sohit)le 
into  insoluble 

protein 
during  the 
heating  of 
the  diluted 

plasma 

taltility  of 
tile  soluhle 
proteins  by 
3U"u  of  satu- 
ration with 
ammonium 

sulpliate 

I'eri-iiilitge 
destruc- 
tion of 
antitoxin 

during  the 

one  third  its 

one 

third  its 

electriial 

Appearance 
lieated  pla 

of  the 

lieating 

volume  of  watt-r 

volume  of  water 

ukethod 

sma 

A 

B 

prtx;es8 



6-55  cc.  N  .  NH3 

9-945 

clear 

2-2 

55-7 

nil 



4-92 

9-910 

>> 

20 

53-5 

— 

3-275 

9-789 

»» 

1-5 

46-6 



2-62 

9-477 

>> 

1-5 

45-5 

— 

1-96 

9-304 

>» 

2-2 

46-5 

nil 

— 

1-31 

8-870 

>» 

3-7 

41-5 

— 

0-65 

8-249 

clear 

liquid  and  slight 

deposit 

2-2 

36-8 

000  cc.  N  .  HAc 

0-00 

7-430 

>> 

»» 

>» 

»» 

3-3 

22-3 

nil 

0-63 

— 

6-990 

opalescent  liquid  and  filtrate 

5-2 

10-2 

1-25 

— 

6-450 

,, 

»» 

>» 

»» 

5-2 

120 

nil 

1-87 

— 

5-921 

>» 

>y 

j> 

>» 

3-7 

131 

2-49 

— 

5-440 

thin 

suspension, 

clear  filtrate 

6-3 

13-1 

3-74 

— 

5-225 

»> 

»» 

»» 

20-8 

25-7 

nil 

2-50  CO.  N  .  H^SOj 

— 

5-160 

>» 

•> 

>» 

26-0 

35-8 

nil 

417  cc.  N  .  HAc 

— 

5-025 

thick 

,, 

,, 

300 

45-0 

2-52  cc.  N  .  HCl 

— 

5-000 

,, 

^, 

»» 

340 

44-2 

4-99  cc.  N  .  HAc 

— 

4-600 

j» 

»» 

,, 

540 

70-0 

nil 

3-60  CO.  N  .  HCl 

— 

4-635 

»> 

,, 

>» 

540 

74-0 

3-60  CC.  N  .  H2SO4 

— 

4-643 

>> 

,, 

»» 

50-0 

74-0 

6-74  cc.  N  .  HAc 

— 

4-560 

>> 

»» 

>> 

68-0 

77-5 

nil 

4-40  cc.  N  .  H2SO4 

— 

4-262 

almost  solid 

98-0  ( 

not  fluid  enough  to  be 

4-36  cc.  N  .  HCl 

— 

4-251 

»> 

»« 

920  1 

measured 

With  the  sera  ranging  from  p\  9*9  to  5*4  the  extent  of  the  changes  recorded  in  B  was  a 
function  of  the  time  of  heating,  whtMcas  with  the  more  acid  sora  tlie  change  was  practically 
completed  witliin  one  hour's  heating  at  the  specified  temperature. 

have  also  been  represented  graphically  in  the  curves  in  Fig.  2.  Of  the  two. 
Curve  1  illustrates  the  changes  in  the  solubility  of  the  serum  proteins 
during  the  heating  of  the  serum,  while  Curve  2  indicates  the  accompanying 
changes  in  the  precipitability  of  the  serum  proteins  by  30  %  of  saturation 
with  ammonium  sulphate. 

It  was  found  that,  with  each  of  the  sera  examined,  the  extent  of  the  changes 
involved  was  a  function  of  the  hydrogen  ion  concentration  of  the  serum 
irrespective  of  the  protein  content :  the  use  of  undiluted  serum  or  plasma 
gave  rise  to  results  similar  to  those  obtained  from  experiments  with  plasma 
diluted  with  one-third  its  volume  of  water. 
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Tlie  appearance  of  the  heated  sera  was  characteristic  throughout  the 
raiiLjcs  of  at'iclity  and  alkalinity  invcHtif^ated. 

It  was  found  fliat  the  heated  sera  were  clear  when  the  reaction  of  the 
unlu'ated  scniin  Imd  Ixhmi  move,  alkaline  than  ^,'f  H-o.  When  the  reaction 
had  been  between  the  limits  /j^  8*2  and  5-5  the  heated  sera  were  characterised 
by  an  opalescent  appearance  or  by  the  presence  of  a  slight  deposit  of  protein. 
On  the  acid  side  of  p^  5-5  the  sera  were  converted,  during  the  heating,  into 
thin  .suspensions,  the  semi-solid  consistency  of  which  became  more  marked 
as  the  degree  of  acidity  increased,  until  at  p^  4-2  the  serum  became  practically 
solid. 
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Fig.  2.     The  curve represents  the  influence  of  changes  in  the  reaction  of   sera  on 

the  percentage  conversion  of  soluble  into  insoluble  proteins  induced  during  the  heating  of 
sera  at  57°  for  6  hours. 

The    curve  reptescnts    th"    influence   of    changes   in   the   reaction   of   sera    on 

the  percentage  increased  precipitabiUty  of  the  senim  proteins  by  30%  of  saturation  with 
ammonium  sulphate  induced  duiing  the  heating  of  sera  at  57°  for  6  hours. 

From  a  study  of  the  data  given  in  Table  IV,  Column  A,  it  will  be  seen 
that  the  conversion  of  soluble  into  insoluble  protein  was  of  the  order  of  5  %  or 
less  in  the  sera  of  which  the  reaction  lay  between  the  ranges  p^  9-9  and  5-5. 
On  the  acid  side  of  p^  5-5  there  was  marked  precipitation  of  the  soluble 
proteins ;  thus  at  a  hydrogen  ion  concentration  of  p^  5*4  it  was  of  the  order 
of  6  %,  at  j9^  5-0  it  was  30  %,  while  at  p"^  4-2  it  was  over  90  %. 

2—5 


ao  A.    MOM  Kit 

From  a  contiultuation  of  Column  15  m  the  same  table  Jt  will  be  seen  that, 
irrespective  of  any  atcompanying  conversion  of  soluble  into  insoluble  protein, 
there  was  throughout  the  whole  range  investigated  a  marked  increase  in 
the  precipitability  of  the  serum  proteins  by  30  %  of  saturation  with  ammonium 
sulphate:  the  extent  of  the  increase  was  a  function  of  the  reaction  of  the 
serum  previous  to  its  being  heated. 

This  increased  precipitability  was  least  between  the  ranges  p^^  5-4  and 
7-0.  On  either  side  of  these  limits  the  rate  of  increase  became  apparent: 
the  gradient  for  the  increase  was  more  gradual  on  the  alkaline  than  on  the 
acid  side  (Curve  2,  Fig.  2).  As  the  degree  of  alkalinity  decreased  from  p^^  9-9 
to  8-0  the  increased  precipitability  gradually  fell  from  45  to  30  %.  Between 
the  ranges  p^  7-0  and  5-5  it  was  of  the  order  of  10  to  15  % ;  on  the  acid  side 
it  rapidly  rose  from  25  %  at  p^  5-2  to  90  %  at  p^  4-2. 

It  was  also  interesting  to  note  that,  in  all  cases,  there  was  no  appreciable 
loss  of  antitoxin  during  the  heating  of  sera  the  reaction  of  which  had  been 
adjusted  to  degrees  of  acidity  or  alkalinity  within  the  limits  dealt  with  in 
the  accompanying  tables,  although  under  some  conditions  the  extraction 
of  the  antitoxin  from  the  heat-denaturatod  proteins  proved  a  matter  of 
difficulty. 

From  a  study  of  the  curves  in  Fig.  2  it  is  apparent  that  while  on  the 
alkaline  side  the  configuration  of  Curve  1  is  quite  distinct  from  that  of  Curve  2, 
on  the  acid  side  of  p^  5-5  there  is  practical  coincidence.  There  is,  moreover, 
a  marked  similarity  between  the  configuration  of  Curve  2  and  that  of  the 
curve  in  Fig.  1.  The  extent  of  the  increased  precipitability  on  the  alkaline 
side  is  not  so  marked  in  the  latter  as  in  the  former,  but  on  the  acid  side  the 
curves,  if  superimposed,  would  be  almost  identical. 

The  question  then  arose  as  to  whether  the  individuality  of  Curves  1  and  2 
(Fig.  2)  on  the  alkaline  side  indicated  some  radical  dift'erence  between  the 
changes  respectively  involved  during  the  heating  of  alkaline  and  acid  sera. 

In  order  to  elucidate  this  point  samples  of  the  clear  heated  alkaline  sera 
which  showed  a  40  %  increased  precipitability  by  the  sulphate  were  brought 
to  an  acidity  of  p^  5-0.  Now,  had  the  changes  involved  during  the  heating 
of  the  alkaline  sera  been  the  same  as  those  induced  in  the  acid  sera  which 
showed  a  corresponding  percentage  increased  precipitability,  acidification  of 
the  clear  alkaline  sera  should  have  changed  the  consistencv  of  the  latter  to 
that  of  a  thin  suspension  (vide  ante,  p.  29).  A  slight  opalescence  only  was 
formed  and  the  refractometer  readings  demonstrated  that  the  quantity  of 
protein    thus    precipitated    was   inappreciable.     The   opalescence   therefore 
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pro])ably  indicated  that  a  small  amount  of  heat  changed  protein  had  been 
kept  in  (lie  disperse  phase  by  the  excess  of  alkali  (vide  ante,  p.  20). 

It  was  also  noticed  that  the  increased  precipitability  of.  the  proteins  of 
the  heated  alkaline  sera  was  n  liiiiction  of  the  duiatior)  of  the  heating 
process.  On  the  othei-  hand  the  changes  recorded  in  the  acid  sera  were 
practically  complete  after  one  hour's  heating  at  the  specified  temperature. 

From  these  observations  it  is  evident  that  the  changes  taking  place  during 
the  heating  of  alkaline  sera  are  of  a  difTerent  nature  from  those  which  occur 
during  the  heating  on  the  acid  side  of  the  isoelectric  point  of  the  globulins. 
Kor  this  reason  it  is  possible  that  if  the  heat  denaturation  be  conducted  on 
the  acid  side,  there  may  be  prepared  concentrated  products  which  will  be 
less  likely  to  give  rise  to  the  troubles  of  anaphylaxis  and  of  serum  sickness 
than  the  present  products  concentrated  by  methods  involving  a  denaturation 
of  the  serum  proteins  by  heating  the  slightly  alkaline  sera. 

Practical  application  of  the  results  obtained 
IN  Sections  I,  II  and  III  above. 

The  results  of  the  investigation  detailed  abcfve  have  led  us  to  a  better 
understanding  of  the  causes  underlying  the  irregularities  encountered  in  the 
concentration  of  sera  by  methods  involving  the  heating  of  the  serum  previous 
to  the  fractional  precipitation  of  the  serum  proteins  by  ammonium  sulphate. 

We  are  finding  that  the  production  of  clear  and  readily  filterable  end 
products  can  only  be  assured  by  controlling  the  reaction  of  the  serum  and 
of  the  serum  mixtures  unless  certain  expedients  described  below  be 
resorted   to. 

An  account  of  the  investigation  undertaken  to  overcome  the  causes  of 
irregularities  in  the  results  obtained  in  (A)  the  Banzhaf  (1913)  method  and 
later  in  (B)  the  method  suggested  by  me  [1916,  2]  may  be  of  service  to 
those  engaged  in  the  concentration  of  antitoxic  sera. 

(A)     The  regulation  of  the  factors  causing  irregular  results  in  the 
concentration  of  sera  by  the  Banzhaf  (1913)  method. 

It  seems  probable  that  the  difficulties  in  filtration  so  often  encountered 
in  this  method  are  due  to  the  presence  of  incompletely  precipitated  euglobulin 
and  also  of  the  small  amount  of  protein  denaturated  during  the  heating  of 
the  serum. 

As  an  outcome  of  the  work  recorded  above  it  has  been  concluded  that, 
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with  the  publirihed  techiiiiiue,  there  can  be  no  guarantee  for  the  coinph'te 
eliiiiinatiou  of  these  diiiturbing  factors,  and  this  for  two  reasons: 

(1)  That  no.  cognisance  has  been  taken  of  the  reaction  of  the  seruni- 
ammonium-sulphate  mixtures  previous  to  their  being  heated. 

(2)  That  there  is  no  increased  precipitation  of  the  serum  proteins  during 
the  heating  of  the  serum  mixtures. 

It  is  generally  recognised  that  rapid  and  clear  filtration  of  the  hot  serum 
mixtures  is  one  of  the  essential  conditions  for  the  .protluction  of  readily 
filterable  end  products.  In  this  laboratory  it  has  been  shown  that,  for  the 
successful  filtration  of  the  hot  serum  mixtures,  there  must  be  assured  the 
agglutination  of  the  particles  of  precipitated  euglobulin  into  aggregates 
sufficiently  large  for  their  retention  on  the  surface  of  filter  paper.  From 
Tables  I  and  II  it  is  obvious  that  the  success  of  this  operation  can  only  be 
guaranteed  if  the  reaction  of  the  mixtures  be  suitably  adjusted. 

It  has  been  demonstrated  that  during  the  heating  process  advocated  in 
this  method  the  precipitating  power  of  30  %  of  saturation  with  ammonium 
sulphate  is  not  appreciably  enhanced.  It  is  evident,  therefore,  that  the 
small  amount  of  euglobulin  which  must  ahvays  escape  precipitation  with 
the  First  Fraction  precipitate  will  appear  in  colloidal  suspension  in  the  final 
product.  Unless  the  latter  be  allowed  to  stand  for  a  considerable  time  until 
this  colloidal  suspension  has  settled  as  a  deposit  the  unprecipitated  protein 
proves  a  hindrance  to  filtration  and  is  the  cause  of  the  marked  clouding 
of  so  much  of  the  antitoxic  serum  concentrated  by  this  method. 

The  irregularities  in  the  filtration  of  the  serum  mixtures  can  be  obviated 
by  an  adjustment  of  the  hydrogen  ion  concentration  to  the  optimum  required 
for  the  complete  agglutination  of  the  particles  of  "salted  out"  euglobulin 
and  of  the  particles  of  protein  denaturated  during  the  heating  of  the  serum. 
Good  results  can  be  obtained  by  adjusting  the  reaction  to  an  acidity  of  about 
p"*"  5-0.  As  however  the  determination  of  the  hydrogen  ion  concentration 
of  the  sera  by  the  electrical  method  is  not  always  practicable  in  a  routine 
laboratory,  an  endeavour  is  being  made  to  work  out  a  simple  practical  method 
by  which  the  reaction  can  be  adjusted  by  the  use  of  suitable  indicators. 

In  the  meantime,  pending  the  search  for  suitable  and  reliable  indicators, 
it  has  been  shown  that  the  irregularities  in  the  filtration  of  the  serum  mixtures 
can  also  be  obviated  by  the  simple  expedient  of  adding  1-5  to  2  %  of  sodium 
chloride  to  the  mixtures  previous  to  their  being  heated. 

It  is  important  to  know  whether  the  salt  improves  the  filtration  of  the 
hot  serum  mixtures  by  virtue  of  a  specific  action  on  the  particles  of  precipi- 
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tated  protein  or  by  an  jidjustment  of  the  reaction  of  the  medium  more  nearly 
to  the  desired  optiniuin. 

In  order  to  ehicidate  this  point  duplicate  samples  of  several  plasmas  were 
taken.  To  one  of  cadi  of  the  duplicate  pairs  was  adchvl  I  -5  to  2  %  of  sodium 
chloride.  The  hydio^cn  ion  concentration  of  fhc  duplicates  was  measured. 
The  liquids  were  then  made  30  %  of  saturation  with  ^immonium  sulphate 
and  gradually  hcatcMl  to  61°. 

From  the  results  given  in  Table  V  it  will  be  seen  that  the  addition  of 
sodium  chloride  decreases  the   alkalinity   of  the  serum   and   of  the  serum 

TABLE   V. 

Shoiving  the  influence  of  the  addition  of  sodium  chloride  to  the  serum  on  the 
hydrogen  ion  concentration  of  the  serum  and  of  the  serum-ammonium- 
sidphate  mixtures. 
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mixtures.  From  a  comparison  with  the  data  given  in  Table  II,  it  is  however 
obvious  that  the  change  in  the  hydrogen  ion  concentration  induced  by  the 
addition  of  the  salt  is  insufficient  to  account  for  the  marked  improvement 
in  filtration  and  for  the  absence  of  an  opalescent  suspension  in  the  filtrates. 

It  seems  justifiable,  therefore,  to  conclude  that  the  improvement  in  filtra- 
tion is  induced  by  a  specific  action  of  the  sodium  chloride  on  the  particles 
of  precipitated  protein  whereby  their  satisfactory  agglutination  is  assured. 

Although  the  salt  greatly  improves  the  filtration  of  the  serum  mixtures, 
it  cannot  completely  obviate  the  difficulties  with  the  final  product  for  it  is 
powerless  to  ensure  the  complete  precipitation  of  the  euglobulin  by  30  %  of 
saturation  with  ammonium  sulphate.  Even  in  the  presence  of  salt  the  desired 
increased  precipitation  of  the  serum  proteins  during  the  heating  process  does 
not  take  place. 
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In  order  to  i»iiarantee  the  elimination  (»f  rMi!:'l(»})iiIiii  from  tho  final  [»ro«liK'tH 
there  were  three  courses  oT)eii.  viz. 

(i)      Tilt  tihl  nit'thntl  itj  exbacUon  ivith  brine. 

The  Second  Fraction  precipitate  containing  the  pseudo-ghjbulin  and 
antitoxin  together  with  the  small  amount  of  attendant  euglobulin  and  heat- 
denaturated  protein  was  thrown  into  brine.  The  pseudo-globulin-antitoxin 
combination  passed  into  solution  while  the  euglobulin  remained  undissolved 
and  was  separated  by  filtration.  The  pseudo-globulin  and  antitoxin  were 
precipitated  by  the  addition  of  0-25  %  of  glacial  acetic  acid  to  the  clear  filtrate. 
The  precipitate  was  pressed  and  dialysed :  the  end  product  was  crystal  clear 
and  its  filtration  presented  no  difficulty  as  it  contained  no  trace  of  euglo])ulin 
or  of  heat-denaturated  protein. 

From  the  practical  standpoint  this  method  is  not  favoured  as  it  involves 
a  considerable  amount  of  extra  time  and  labour. 

(ii)  A  combination  of  the  prolonged  heating  process  of  the  Gibson-Banzhaf 
method  with  the  shortened  heating  process  of  the  Banzhaf  (1913)  method. 

By  the  adoption  of  this  course  it  has  been  possible  to  obtain  end  products 
which,  while  showing  an  increased  potency  of  from  8  to  10  times  that  of  the 
original  serum,  do  not  exhibit  the  same  tendency  to  form  the  cloudy  deposit 
so  often  seen  in  the  sera  concentrated  by  Banzhaf's  method.  However, 
recent  observations  on  the  factors  limiting  the  extent  of  the  concentration 
of  sera  by  the  fractional  precipitation  methods  at  present  in  use  [Homer,  1917], 
have  demonstrated  that  there  is  a  limit  to  which  the  concentration  of  sera 
can  be  carried.  It  was  found  that  in  all  cases  w^here  the  load  of  antitoxin 
attached  to  one  gram  of  protein  in  the  final  product  threatened  to  be  greater 
than  of  the  order  of  25,000  units,  the  excess  of  units  beyond  this  limit  were 
transferred  to  the  First  Fraction  precipitate. 

From  these  observations  it  is  evident  that,  for  high  grade  sera  (over  600 
units  per  cc),  the  above  modification,  yielding  under  ordinary  circumstances 
a  concentration  of  8  to  10  times,  cannot  be  used  without  apparent  loss  of 
antitoxin.  The  missing  antitoxin  can  be  recovered  by  extraction  of  the 
First  Fraction  precipitate  with  saturated  salt  solution. 

To  provide  for  such  cases  a  third  method  of  procedure  has  been  employed, 
viz. 

(iii)  The  addition  of  substances  such  as  phenol  and  its  homologues  to  the 
serum  mixtures  previous  to  their  being  heated. 
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Some  years  a^o  MacConkey  [1914]  observed  that,  during  the  heating  of 
carbolisod  and  of  etherised  sera  there  was  a  considerable  loss  of  antitoxin. 
He  siibse([iiently  found  that  the  loss  was  negligible  if  1-5  to  2  %  of  salt  had 
])i('\i()usly  been  added  to  the  serum, 

In  this  laboratory  it  has  also  been  demonstrated  that,  in  the  presence  of 
salt,  there  is  usually  no  appreciable  loss  of  antitoxin  during  the  concentration 
of  carbolised  sera  by  Banzhaf\s  method,  if  the  temperature  of  the  serum 
mixtures  be  not  raised  beyond  61°.  At  temperatures  of  63°  and  65°  the  loss 
becomes  appreciable. 

In  the  routine  work,  however,  it  has  sometimes  happened  that,  during 
the  concentration  of  carbolised  sera,  there  were  appreciable  losses  of  anti- 
toxin even  in  the  presence  of  salt.  The  records  showed  that  in  some  of  these 
cases  the  serum  had  been  heated  to  a  temperature  of  65°,  a  procedure  which 
in  itself  was  sufficient  to  account  for  the  loss.  In  other  cases  the  records 
showed  that  during  the  concentration  there  had  been  removed  more  than 
80  %  of  the  total  proteins  of  the  original  serum.  With  such  a  high  removal 
of  the  serum  proteins  a  certain  proportion  of  the  antitoxic  units  must  be 
carried  down  with  the  First  Fraction  precipitate  instead  of  with  the  Second 
Fraction  precipitate.  The  antitoxin  thus  brought  down  with  the  First 
Fraction  precipitate  can  only  be  extracted  therefrom  with  great  difficulty; 
hence  the  apparent  and  inexplicable  loss  of  antitoxin  under  the  conditions 
of  the  concentration. 

It  having  been  previously  noticed  that  the  heat-denaturation  induced  in 
the  prolonged  heating  of  sera  to  57°  is  considerably  increased  by  the  addition 
of  phenol,  trikresol  and  cresylic  acid  to  the  serum,  an  experiment  was  made 
to  ascertain  whether  the  same  phenomenon  was  experienced  in  the  shortened 
heating  process  of  Banzhaf's  method.  As  this  was  found  to  be  the  case  the 
investigation  was  carried  further  to  ascertain  whether  the  increased  precipi- 
tation was  due  to  changes  in  the  hydrogen  ion  concentration  caused  by  the 
addition  of  these  substances. 

In  Table  VI  have  been  embodied  data  to  illustrate  the  influence  of  phenol 
and  cresylic  acid  on  the  precipitation  of  the  serum  proteins  during  the  heating 
of  the  serum-ammonium-sulphate  mixtures  by  the  Banzhaf  (1913)  method. 
Similar  results  have  been  obtained  by  other  workers  in  this  laboratory  from 
the  use  of  trikresol,  ether  and  chloroform. 

From  a  study  of  the  table  it  will  be  seen  that  while  the  addition  of  the 
above-mentioned  substances  had  no  appreciable  effect  on  the  hydrogen  ion 
concentration  of  the  sera,  there  was  a  marked  increase  in  the  precipitation 
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ul  piuifiii  tiuiiii^',  the  heating  and  at  the  Hanie  time  a  marked  improvement 
in  the  tiltiatiun  of  the  hot  serum  mixtures.  The  end  products  were  charac- 
terised  by  their  l  learness  and   their  ease  of   filtration ;   they   contained   no 


euglobulin. 


TABLE   VI. 


Showing  the  increased  precipitation  of  serum  proteins  induced  by  the  addition  of 
phenol  and  its  homoloyues  to  the  seram-ammonium-sidphate  mixtures 
previous  to  their  being  subjected  to  the  shortened  heating  process  of  the 
Banzhaf  (1913)  Method. 


Percentage  of 

rihenol  or  its  homo- 
oguea  adilttl  to  the 
plasma  dilutt-d  with 
one  thinl  its 
volume  of  water 

I.     Plii^ma  contai 

00  phenol 

01  ., 
0-2  ,. 
0-3  „ 
0-4  „ 
0-5  „ 


of  the  carbo 
lisetl  plasma 
measured  liy 
the  electrical 
method 

nirig  8-74  % 

7-748 

7-730 

7-730 

7-730 

7-730 

7-730 


of  the  carbo 
Used  plai^ma 
made  30"/,,  of 
saturation  with 
ammonium 
uulpliate 

oj  'protein. 

7-347* 

7-035 1 

7-034 

7-085 

7-085 

7-061 


II.  Plasma  containing  7-92  %  of  protein. 

00  phenol  7-460  — 

01  •„  7-347  — 
0-2  „  7-347  — 
0-4  ,.  7-347  — 
0-5     „                         7-347                  — 

III.  Plasma  containing  10-03  %  of  protein. 
0-0  cresylic  acid        7-000  — 
0-35     „         „             7-000  — 

IV.  Plasma  containing  7-88  "o  of  protein. 
0-0  cresylic  acid         7  648 

0-30     „'        „  7-648  — 


I'ercentage 
conversion  of 
soluble  into 
insoluble  pro- 
tein during 
the  heating 
process 


6-3 
16-5 
230 
24-0 
26-0 
33-0 

2-Ot 
17-0 
24-4 
27-9 
30-8 


1-0 
270 

5-0 
260 


Remarks  on  the  nitration  of 
the  hot  serum  ammonium- 
sulphate  ndxtures 


slow,  filtrate  opalescent 

more  rapid,  filtrate  slightly  opalescent 

rapid,  filtrate  clear 


Lonof 

antitoxin 

during  the 

beating 

proceHs 


nil 


slight 

nil 

slight 


slow,  filtrate  opalescent 

rapid,  filtrate  slightly  opalescent 

rapid,  filtrate  clear 


slow,  filtrate  opalescent 
rapid,  filtrate  clear 

slow,  filtrate  opalescent 
rapid,  filtrate  clear 


nil 


*  pIi   of  the  saturated  solution  of  ammonium  sulphate  added  to  the  plasma  =  6-480. 
T  »»  »»  »»  »»  »»  »>  ^=0"Uiu 

X  M  »»  »»  »»  »»  »»         ^o-juo. 

As  the  addition  of  phenol,  etc.,  to  the  serum  mixtures  previous  to  their 
being  heated  does  not  cause  any  alteration  in  the  hydrogen  ion  concentration 
it  is  obvious  that  the  improvement  in  filtration  is  due  to  the  specific  action 
of  these  substances  on  the  proteins  themselves,  although  the  mode  of  action 
is  different  from  that  of  sodium  chloride.  The  latter  merely  serves  to  stimu- 
late the  aggregation  of  the  particles  of  already  precipitated  protein,  the 
former  induce   a  considerable  increase   in  the  precipitation   of  the  serum 
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proteins  by  30  %  of  saturation  witli  ammonium  sul|)hate,  thereby  assuring 
the  complete  precipitation  of  (Mifjlobulin  at  this  stage.  Tt  is  quite  possible 
that  tlie  increased  heat-denaturation  of  flic  serum  proteins  is  brought  about 
by  an  effect  of  these  substances  on  the  surface  tensions  of  the  colloidal 
particles  of  dissolved  protein  whereby  their  precipitability  is  considerably 
increased.  Whatever  may  be  the  fundamental  cause  of  this  change  the 
fact  remains  that  the  effect  is  so  marked  that,  not  only  is  the  precipitating 
power  of  30  %  of  saturation  with  ammonium  sulphate  considerably  increased, 
but,  in  the  cases  investigated,  the  agglutination  of  the  aggregates  of  the 
precipitated  protein  is  so  well  defined  that  the  reaction  of  the  serum  mixtures 
is  of  secondary  importance.  Moreover,  the  proteins  involved  do  not  seem 
to  enter  the  intermediate  ill-defined  stage  between  the  emulsoid  and  the 
suspensoid  state  which  proves  so  great  a  hindrance  to  the  filtration  of  the 
serum  mixtures  and  of  the  final  products. 

From  the  data  embodied  in  Table  VI  we  see  that,  by  the  addition  of 
phenol  or  its  homologues,  the  heat-denaturation  of  the  serum  proteins  can 
be  regulated  to  the  extent  suitable  for  a  particular  serum. 

For  those  who  prefer  to  use  the  Banzhaf  method  this  expedient  is  recom- 
mended until  a  simple  routine  method  for  the  adjustment  of  the  reaction 
of  the  serum  mixtures  previous  to  their  being  heated  has  been  worked  out. 
The  judicious-  addition  of  0-35  to  0-5  %  of  phenol  or  of  0-25  to  0-35  %  of 
its  homologues  to  the  batches  of  plasma  for  concentration  will  result  in  the 
production  of  clear  and  readily  filterable  end  products.  If  the  addition  of 
salt  is  also  made  a  matter  of  routine,  the  concentration  of  the  carbolised 
plasma  or  sera  will  not  involve  undue  loss  of  antitoxin,  although  a  considerable 
loss  may  result  if  the  substances  in  question  are  added  in  amounts  greater 
than  those  suggested. 

(B)   The  regulation  of  the  factors  causing  irregular  results  in  the  concentration 
of  sera  by  the  more  recent  methods.     [Homer,  1916,  2.] 

It  has  been  found  that  there  was  slight  trouble  with  the  filtration  of  the 
end  products  from  the  concentration  of  sera  in  which  the  heat-denaturation 
had  been  less  than  20  %,  that  is  to  say  from  the  concentration  of  sera  the 
reaction  of  which  lay  between  the  limits  p^  5-4  and  7-0.  In  these  cases  the 
end  products  contained  a  small  amount  of  heat-denaturated  protein  in  colloidal 
suspension. 

The  occurrence  of  this  difficulty  could  be  prevented  by  a  preliminary 
adjustment  of  the  serum,  previous  to  its  being  heated,  to  a  hydrogen  ion 


:i«  A.    lloMKIi 

coneentiation  of  about  p^  7-8  to  8*0.     It   vvuh  inaclvinable  to  increase  the 
alkalinity  further  for  the  reasons  given  (vide  ante,  pp.  30,  31). 

Trouble  with  the  final  filtration  of  end  products  from  the  concentration 
of  sera  of  which  the  reaction  fell  within  the  limits  p^  54  to  7*0  could  also 
be  obviated  by  the  judicious  addition  of  from  0-25  to  0*35  %  of  phenol  or  its 
homologues  to  the  serum  previous  to  the  preliminary  heating. 

It  is  inadvisable  to  add  the  latter  substances  to  more  alkaline  or  to  more 
acid  sera  than  those  falling  between  the  aforesaid  limits  as  there  is  the  danger 
of  thereby  inducing  so  great  an  increased  precipitability  of  the  serum  proteins 
that  transference  of  antitoxin  to  the  First  Fraction  precipitate  will  occur. 
Under  these  conditions  there  will  be  an  apparent  loss  of  antitoxin  during  the 
concentration  as  the  extraction  of  the  antitoxin  thus  carried  down  with  the 
First  Fraction  precipitate  is  a  matter  of  great  difficulty. 

It  has  also  been  found  advisable  to  adjust  the  reaction  of  the  serum- 
ammonium-sulphate  mixtures  previous  to  the  second  stage  of  the  heating 
process  {ante,  p.  32).  It  may  also  be  stated  that  at  this  stage  of  the  heating 
the  temperature  of  the  serum  mixtures  is  not  raised  beyond  59"^. 

From  the  consideration  of  the  w^ork  detailed  above  it  is  evident  that  the 
reaction  of  the  sera  must  be  taken  into  account  by  those  engaged  in  the 
concentration  of  antitoxic  sera.  On  the  reaction  of  the  serum  depends,  not 
only  the  extent  of  the  heat-denaturation  of  the  serum  proteins;  but  also 
the  successful  precipitation  of  the  serum  proteins  by  ammonium  sulphate. 
Unless  the  reaction  be  regulated  the  necessary  increased  precipitation  of  the 
proteins  cannot  be  ensured  except  by  the  addition  of  phenol,  etc.,  to  the  serum. 
The  latter  course,  in  the  hands  of  inexperienced  workers  may  prove  somewhat 
costly,  as  these  substances  favour  the  destruction  of  antitoxin. 

Although  the  regulation  of  the  reaction  of  the  serum  is  proving  of  material 
value  the  possibility  must  not  be  lost  sight  of  it  being  shown  at  some 
future  date,  that,  in  the  concentration  of  antitoxic  sera,  there  are  other, 
hitherto,  unsuspected  factors  which  also  influence  the  operations  involved. 
In  any  case  it  is  clear  that  the  standardisation  and  regulation  of  a  concen- 
tration process  can  only  be  attained  by  a  thorough  knowledge  of  the  factors 
involved. 

Summary. 

During  the  course  of  the  investigation  it  has  been  demonstrated  that: 
(1)     In  the  Banzhaf  (1913)  method  the  uncertainties  in  filtration  are  due 
to  two  causes : 

(a)     That  no  cognisance  has  been  taken  of  the  reaction  of  the  serum. 
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(h)  That  as  the  precipitating^  power  of  IK)  %  of  ammonium  sulphate 
is  not  appreciably  increased  during  the  heating  process,  a  certain  amount 
of  euglobulin  escapes  precipitation  with  the  First  Fraction  precipitate  and 
appears  in  colloidal  suspension  in  the  final  product. 

(2)  The  uncertainties  in  the  filtration  of  the  hot  serum-ammonium- 
sulphate  mixtures  in  the  above  method  can  be  obviated  by  an  adjustment 
of  the  hydrogen  ion  concentration.  The  filtration  can  also  be  improved  by 
the  addition  of  sodium  chloride  to  the  mixtures,  but,  in  this  case,  the  improve- 
ment is  due  to  a  specific  action  of  salt  on  .the  globulins. 

(3)  The  complete  elimination  of  euglobulin  can  be  assured  by: 

{a)  An  adjustment  of  the  hydrogen  ion  concentration  of  the  serum 
mixtures  to  the  point  at  which  the  desired  increased  precipitation  is  assured. 

(6)  Brine  extraction  of  the  Second  Fraction  precipitate  containing 
the  pseudo-globulin-antitoxin  combination  together  with  the  smaH  amount 
of  euglobulin  which  has  escaped  precipitation  with  the  First  Fraction  pre- 
cipitate. 

(c)  Subjecting  the  serum  to  a  preliminary  prolonged  heating  at  a 
temperature  of  57 — 58°  whereby  the  precipitability  of  the  serum  proteins 
is  considerably  enhanced. 

(d)  The  addition  of  organic  substances  such  as  phenol  and  its  homo- 
logues,  ether  or  chloroform  which  increase  the  precipitation  of  the  serum 
proteins,  presumably,  by  virtue  of  their  effect  on  the  surface  tension  of  the 
protein  aggregates  in  colloidal  solution. 

(4)  The  extent  of  the  heat-denaturation  of  the  serum  proteins  during 
the  heating  of  serum  at  57°  for  several  hours  is  also  influenced  by  the  hydrogen 
ion  concentration  of  the  serum  and  can  be  controlled  by  the  adjustment  of 
the  latter. 

(5)  The  denaturation  induced  by  heat  in  alkaline  sera  apparently  does 
not  involve  the  same  type  of  change  as  that  induced  in  acid  sera. 

REFERENCES. 

Banzhaf  (1913).     Collected  Studies  Research  Dep.  Health,  New  York,  4,  230. 
Homer  (1916,  1).     Biochem.  J.,  10,  10. 

(1916,  2).     ./.  Hygiene,  15,  388. 

(1917).     J.  Hygiene,  15,  .580. 

MacConkey  (1914).     ./.  Hygiene,  13,  467. 


Journal  of  Fatholojy  and  Bacteriolo(jy^  Vol.  XX. 


THE  EFFECTS  OF  VACCINE  SENSITISED  WITH 
HOMOLOGOUS  IMMUNE  SERUxM.  AS  COMPARED 
WITH  THOSE  OF  A  NON-SENSITISED  VACCINE  : 
AN   EXPERIMENTAL   STUDY.^ 

By   SuiGEsni  Kakehi,  M.B.(Japau). 

Froin  the  Bacteriological  Department,  Lister  Institute,  London,  S.  IV. 

Introduction. 

Both  active  and  passive  immunity  have  certain  disadvantages.  With 
the  latter,  protection  sets  in  very  soon  after  inoculation,  but  lasts  a 
very  short  time.  The  former,  however,  gives  a  lasting  immunity,  but 
the  antibodies  appear  relatively  late  after  inoculation,  and  the  protected 
condition  is  preceded  by  a  period  of  increased  sensitiveness  (negative 
phase).  In  order  to  counteract  such  objections,  Besredka  (1902  •*•  ^- '^) 
improved  the  method  of  sero-vaccination,  which  had  been  already 
recommended  for  this  purpose,  first  by  Lorenz  (1892),  and  later  by 
others  (cf.  Ficker,  1913  -^).  He  used  bacillary  bodies  (typhoid,  cholera, 
and  plague  bacillus)  which  were  tirst  killed  by  heat  and  then  treated 
with  immune  serum,  the  excess  of  which  was  removed  by  centrifuging. 
He  claimed  that  this  kind  of  vaccine  w^as  absolutely  non-toxic  for 
animals,  that  vaccinated  animals  obtained  protection  very  soon  after 
inoculation,  with  the  appearance  of  large  c_[uantities  of  immune  bodies 
in  their  serum,  and  that  the  immunity  thus  obtained  lasted  for  months. 

A.  Marie  (1902  2")  introtluced  a  sensitised  anti-rabic  vaccine  prepared  on 
the  same  principle.  Then  Dopter  (1909  i-')  also  applied  this  method  to  protect 
mice  against  dysentery,  the  results  supporting  Besredka's  view.  Later,  Levy 
and  Hamm  (1909-^)  recommended  sensitised  streptococci  for  the  treatment  of 
puerperal  fever.  Also  Marxer  (1911  -^)  proved  that  the  same  organism  so 
sensitised  gives  the  rabbit  rapid  immunity.  Levy  and  Ao-ki  (1910  ^-t),  com- 
paring the  etiect  of  this  kind  of  vaccine  with  that  of  the  non-sensitised  in  the 
case  of  pneumococci,  observed  that  the  former  gives  the  rabbit  immunity  with 
much  more  certainty  and  rapidity.  Calmette  and  Guerin  (1910 1^)  also 
sensitised  the  tubercle  bacillus  to  inoculate  cattle,  and  Meyer  (1910^^)  prepared 
a  "  Tuberkulose-Sero-Vaccin,"  treating  human  tubercle  bacilli  in  the  same  way. 
Moreover,  Garbat  and  Meyer  (1911 -i),  having  injected  typhoid  bacilli  into 
rabbits  intravenously,  found  that  with  the  non-sensitised  vaccine  the  animals 

1  Received  March  2,  1916. 
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sullcr  more  from  tlic  injection  than  they  do  with  the  sensitised,  and  that  their 
serum,  though  possessing  higher  agghitination  and  complement-fixation,  sliows 
h)\ver  bacteri(;idal  action  in  vivo. 

Wliile  these  authors  were  in  favour  of  IJcsredka's  principle,  others  held  an 
entirely  dill'erent  view.  In  particular,  Pfeiller  (1901^*^)  observed  that  by 
being  loaded  with  ambo(;eptors  the  cholera  bacillus  almost  lost  its  immunising 
character,  or  at  least  its  power  of  producing  bacteriolytic  antibodies.  Pfeiifer 
and  Bessau  (1910-''')  also  recognised  th(^  same  fact  with  the  typhoid  bacillus, 
and  asserted  that  the  method  of  immunising  with  sensitised  bacilli  is  not 
practicable  in  this  case.  Liidke  (1911 ''^'')  treated  the  rabbit  with  sensitised 
ilysentery  bacilli  without  effect,  for  some  animals,  so  treated  twice,  could  not 
bear  even  a  minimal  lethal  dose,  and  showed  no  increase  of  Vjactericidal  power 
or  of  agglutinin  in  their  serum.  Further,  Rowland  (1912  •'•')  asserts,  in  the  case 
of  the  plague  bacillus,  that,  as  to  toxicity  and  intensity  of  immunity,  no 
difference  is  found  between  the  sensitised  and  non-sensitised. 

Metchnikofr  and  Besredka  (1911-1912  ^o- -^i- 32),  having  found  that  sub- 
cutaneous inoculation  with  the  living  sensitised  typhoid  bacilli  did  not,  in 
the  case  of  anthropoid  monkeys,  produce  carriers,  are  said  to  have  used  the 
same  vaccine  in  man  for  the  prevention  of  typhoid  without  any  disturbing 
eflects.  Brough ton- Alcock  (1912  ^'^^  ^■^)  followed  on  the  same  lines,  obtaining 
similarly  good  results.  Then  Ardin-Delteil,  Negre,  and  Raynard  (19121), 
and  Boinet  (1913  i^),  etc.,  applied  this  principle  effectively  to  the  treatment 
of  many  typhoid  patients,  the  disease  being  shortened.  Such  treatment 
also  was  applied  by  Cohendy  and  Bertrand  (1912 1^),  Broughton- Alcock 
(19131^),  Gordon  (1913^2)^  Bertrand  and  Feigin  (1913  3),  and  Cruveilhier 
(1913  1^- 1^)  to  various  streptococcus  and  staphylococcus  infections  and 
gonorrhoeal  diseases,  etc.,  with  success  on  the  whole.  Further,  Ardin-Delteil 
and  his  collaborators  (1913 -)  treated  rabbits  with  living  sensitised  typhoid 
bacilli,  and  found  a  rapid  and  considerable  rise  in  bactericidal  action  and 
complement-fixation,  and  yet  no  remarkable  increase  in  agglutination.  Lately 
Besredka  (1913-1914^- ^- 1^),  summarising  the  work  of  his  followers,  again 
recommended  his  own  method,  maintaining  that  whatever  the  nature  of  the 
virus,  the  sensitising  gives  it  a  new  vaccinating  character — the  effect  being 
sure,  rapid,  harmless,  and  lasting.  Thus  in  France  the  sensitised  vaccine  is 
already  being  employed  in  practice,  w^hile  in  other  countries  it  still  remains 
for  the  most  part  the  subject  of  theoretical  investigation. 

Before  discussing  the  value  of  the  living  sensitised  vaccine,  it 
seems  to  me  most  important  to  ascertain  whether  the  injected  subject 
becomes  a  bacillary  carrier  or  not.  As  this  matter  is  beyond  the  scope 
of  this  thesis,  I  propose  to  limit  my  inquiry  to  the  killed  sensitised 
vaccine.  Most  investigators  seem  to  admit  that  sensitised  vaccine 
avoids  the  negative  phase  or  at  least  shortens  it,  though  on  other 
points  they  are  at  variance.  Accordingly,  intent  on  settling  some  of 
these  disputes  as  to  the  effects  of  sensitised  vaccine,  I  undertook  the 
following  investigation,  comparing  it  with  the  non-sensitised. 

General  Description. 

/.    The  Bacteria  used  as    Vaccine, 

I  cliose  the  rabbit  as  subject,  and  adopted  the  Bacillus  2'>se2ido- 
tubercidosis  rodentium  (Pfeiffer)  as  the  test  organism.  This  organism 
readily  attacks  the  rabbit  and  produces  quite  distinctive  post-mortem 
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appearauceB.      The  strain    used  showed  characteristic   properties  witli 
various  culture  media  as  follows  : — 


Table  I. — Characteristic  Properties  0/ liacillus  pseudo-tuberculosis 
rodentium  shown  ivith  Various  Culture  Media. 


Medium. 

Ett'ect. 

Medium. 

Effect. 

Glucose     . 

Afl 

Sorbite 

Lactose 

- 

Glycerin    . 

Af7. 

Litvulose  . 

Afl 

luulin 

— 

Maltose     . 

Afl 

Litmus  milk 

Changes  to  alkaline  after 
five  days. 

Saccharose 

- 

Malachite  -  green 

Decolorised    after    three 

broth 

days. 

Raffinose  . 

- 

Broth 

Turbid. 

Adonite     . 

Af  21  1 

Gelatin 

No  liquefaction. 

Diilcite      . 

- 

- 

- 

Isodulcite 

Afl 

Peptone  water  . 

No  trace  of  indol. 

Af  1,  Af  7,  and  Af  21  mean  that 

a  full  acid  reaction,  but  no  gas,  is  produced  in 

carbohydrate  media  after  out 

?,  seven,  and  twenty-one  days  respectively. 

-    =  Uuattected. 

^  Regarding  tlie  slow  feruu 

?ntation  of  adonite,  cf.  Kakehi  (1916  -^). 

Taking  Besredka's  (1902  ■^-  ^)  method  of  making  the  vaccine,  I  had 
to  investigate  what  degree  of  heat  kills  this  organism,  and  in  what 


Table  II. — Resistance  to  Heat  of  the  Bacillus  pseudo-tuberculosis 

rodentium. 


J  c.c.  of  Broth  Culture,  kept  at 

}t  c.c.  of  Broth  Culture,  kept  at 

55°  C.  for  the  time  indicated, 

53^  C.  for  the  time  indicated, 

was  sown  on  Agar  Plates. 

was  sown  on  Agar  Plates. 

Number  of  Minutes 
kept  heated. 

(1)  Imntediately 
after  Heating.' 

(2)  After  Three 

Days'  Incubation 

after  Heating. 

(1)  Immediately 
after  Heating. 

(2)  After  Three 

Days'  Incubation 

after  Heating. 

1          .          .           . 

+  + 

+  +  + 

2 

+ 

+  +  -+- 

... 

3 

+ 

+  +  + 

5 

+ 

+  +  + 

-f  4-  -f 

+  +  + 

7 

- 

+ 

+  +  + 

+  +  + 

10 

- 

- 

+  +  + 

+  +  + 

15 

- 

- 

+  + 

+  +  + 

20 

- 

- 

+ 

+  +  + 

25 

- 

- 

+ 

+  + 

30 

- 

- 

- 

+ 

40 

- 

- 

50 

... 

... 

— 

The  table  shows 

the  number  of  colonies  grown  on 
for  forty-eight  hours. 

agar  plates  after  incubating 

-   =None; 

+  =  scanty  ;   ++  =  moderate;   - 
...  =not  tested. 

f-  -f  -f   =many  colonies  ; 
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time.  Though  many  authors  (namely,  Poppd,  1913^^,  Messerschmidt 
and  Keller,  1914  2^)  have  described  the  resistance  of  this  organism  to 
heat,  their  statements  disagree  and  seem  to  be  far  from  exact. 

Ten  test  tubes  of  ordinary  size,  each  containing  5  c.c.  of  sterilised  Loeffler's 
l)roth,  are  seeded  with  the  bacilli  and  incubated  for  two  days  at  ZT  C.  These 
tubes  are  simultaneously  put  into  a  big  water-bath  at  the  required  temi)erature 
(53°  or  55°  C).  They  are  taken  out  of  it  one  after  another  at  the  times  given 
in  Table  XL,  counting  from  the  instant  when  the  temperature  of  their  contents 
is  identical  with  that  of  the  bath,  and  are  plunged  at  once  into  ice  water  to 
cool.  (The  temperatures  of  bath  and  tubes  are  identical  after  five  to  seven 
minutes.)  Then  from  each  tube  \  c.c.  of  its  contents  is  poured  on  an  agar 
plate,  which  is  examined  after  incubating  for  forty-eight  hours  at  ZT  C.  Each 
tube,  however,  is  maintained  in  the  incubator  for  three  days  more,  and  again 
\  c.c.  from  each  is  cultivated  for  a  similar  period  on  another  agar  plate. 
Table  II.  shows  that  the  bacilli  can  be  killed  within  forty  minutes  at  53^  C, 
and  within  ten  minutes  at  55°  C.  But  to  be  absolutely  sure  that  the  bacilli  are 
killed,  I  kept  them  at  55°  C.  for  about  fifteen  minutes  in  all  my  experiments. 


//.  Preparation  of  the    Vaccines. 

First,  the  non-sensitised  vaccine  of  this  organism  was  made  as 
follows.  The  emulsion  of  bacilli  consisting  of  an  agar-slope  culture 
about  twenty  hours  old,  suspended  in  5  c.c.  of  saline  solution,  is  heated 
at  55°  C.  for  fifteen  minutes.  Directly  before  heating,  the  number  of 
bacilli  contained  in  the  emulsion  was  calculated  by  means  of  the 
Thoma-Zeiss  counting  slide.  According  to  my  experience,  a  20-hour 
old  agar-slope  culture  of  this  organism  contains  in  most  cases  about 
30,000  m.^  bacilli,  but  in  exceptional  cases  from  25,000  m.  to 
35,000  m.  The  emulsion  containing  a  known  quantity  of  killed 
bacilli  was  used  as  the  non-sensitised  (or  ordinary)  vaccine  for  the 
experiments,  being  diluted  to  any  concentration  required. 

On  the  other  hand,  to  make  the  sensitised  vaccine,  the  necessary 
quantity  of  the  emulsion  prepared  to  contain  exactly  5000  m.  of 
killed  bacilli  in  each  cubic  centimetre  was  mixed  with  the  same 
quantity  of  rabbit  immune  serum,  which  had  been  produced  by  thrice 
repeated  intraperitoneal  injection  of  living  bacilli,  and  which  possessed 
an  agglutination  titre  of  1:1280.  The  mixture  was  kept  in  the 
incubator  for  three  to  four  hours,  by  which  time  the  agglutination  was 
almost  complete.  It  was  then  kept  in  the  cold  overnight,  to  complete 
the  sensitisation.  Next  morning  the  mixture  was  centrifuged  for 
about  an  hour  until  no  trace  of  bacilli  was  found  in  the  supernatant 
fluid,  which  was  carefully  withdrawn  by  means  of  a  capillary  pipette. 
The  sediment,  after  twice  washing  with  saline  solution,  was  suspended 
in  fresh  salt  solution. 

The  two  vaccines  were  always  freshly  prepared  before  every 
injection. 

^  m.  has  been  used  as  abbreviation  for  millions. 

28 JL.   OF  PATH.— VOL.   XX. 
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III.    Inui'ulaUun   of  the    liahltit. 

As  there  are  ufteu  sjumtaueuiia  cases  of  pseutlo-tubereulosis  in 
rodeuts,  it  is  iiecessiiry  to  kuovv  whether  the  rabbits  to  be  injected  are 
4iiitt'  lieallhy.  Hitlierto  we  have  had  no  methoil  of  certain  diagnosis 
of  this  tliseaso.  In  my  experience,  estiniatin*^'  the  agghitination  titre 
t>f  the  serum,  though  in  severe  cases  useful  for  diagn<jsis,  does  not 
always  give  constant  results.  Therefore  I  took  the  temperature  of  the 
rabbits  twice  every  day,  morning  and  evening,  and  weighed  them  every 
two  or  three  days  for  seven  or  ten  days  befi>re  using  them  for  the 
experiment.  If  the  rabbits  did  not  show  any  considerable  variation  of 
temperature  and  weight  during  that  period,  they  were  considered  as 
healthy  and  used  in  the  experiment. 

In  the  next  place,  to  avoiil  errors  arising  from  individual  variation 
as  tar  as  possible,  I  took  rabbits  of  about  the  same  size  in  each  experi- 
ment and  also  injected  the  emulsion  of  bacilli  in  proportion  to  their 
weight.  For  the  latter  purpose  the  vaccine  was  prepared  in  such  a 
concentration  that  each  cubic  centimetre  contained  the  number  of 
bacilli  retiuired  per  kilogram,  and  as  many  cubic  centimetres  of  this 
are  injected  as  there  are  kilograms  of  weight  of  the  rabbit. 

The  vaccine  was  injected  subcutaneously  on  the  rabbit's  abdomen, 
and  ti>  compare  the  etVect  of  both  kinds  of  vaccine  completely,  they 
were  always  in  my  experiments  given  simultaneously  to  an  equal 
number  of  rabbits. 

As  a  first  injection  of  the  vaccine  I  gave  as  large  a  dose  as  could 
be  injected  without  provoking  local  ov  marked  general  reaction. 
Assuming  that  the  sensitised  vaccine,  as  many  authors  assert,  is  at 
least  not  much  more  toxic  than  the  ordinary,  I  fixed  the  (Quantity  of 
the  dose  at  the  amount  usuallv  given  of  the  latter,  as  is  shown  in 
Table  III. 


Table  111. — Lo<'al  Symptoms  after  the  First  Inoculation  with  the  Non- 
Sensitised  Vaccine. 


No. 

64 
65 
68 

69 

Rabbit. 

Bacilli 
injecteii 
per  Kg. 

Three  Days  later. 

Seven  Days  later. 

Sex. 

Weight. 

Weight. 

1550 
14t>0 
1700 

1520 

Local 
Symptoms, 

Weight. 

Local 
Symptoms. 

F. 
F. 
M. 

F. 

1580 
1560 
1820 

1685 

500  m. 
1000  m. 
1500  m. 

3000  m. 

No  trace. 
Slight  trace. 
Slightly 

inflamed. 
Moderately 

intlameJ. 

1590 
1490 

1780 

1550 

No  trace. 

Slightly 

intiltrated. 
Abscess 

formation. 

The  result  obtained  shows  that  the  intiltration  and  abscess  forma- 
tion in  loco  did  not  take  place  with  absolute  doses  of  under  1500  m., 
and  the  iutiuence  upon  the  weight  was  not  remarkable  with  doses  of 
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luuler  500  in.  per  kg.    'J'lic  tiisL  injectinii  coiLsisted  therefore  of  500  \\\. 
per  k'L^.  or  less. 

Then  seven  clays  later  this  was  followed  l)y  a  second  subcutaneous 
iiijeetioM  of  twice,  tliriee,  or  four  times  as  much  as  the  first  dose. 
Further,  if  necessary,  a  third,  a  fourth,  and  even  a  fifth  injection  was 
given  after  similar  intervals.  When  in  these  succeeding  injections, 
liowever,  more  than  twice  the  previous  dose  was  to  be  injected,  to  pre- 
vent any  local  reaction  the  dose  was  divided,  and  not  more  than  twice 
the  previous  dose  injected  into  any  one  place. 

IV.   Object  of  the  Experiments. 

In  the  first  place,  to  study  the  degree  of  toxicity  in  the  vaccine  of 
both  kinds,  the  ordinary  and  the  sensitised,  it  is  needful  to  pay  special 
attention  to  the  clinical  symptoms  of  the  injected  rabbit,  namely,  local 
and  general  reaction.  But  as  local  reaction  was  purposely  avoided  by 
the  smallness  of  each  injection,  only  general  reaction  was  observed. 
The  following  are  the  points  in  which  the  two  vaccines  are  to  be 
compared  as  to  their  general  reaction : 

1.  The  increase  in  the  temperature  of  the  rabbit  after  every 
injection  with  each  vaccine. 

2.  The  variation  of  a  rabbit's  weight  after  varying  injections. 

In  the  next  place,  to  compare  the  intensity  of  immunity  given  by 
both  kinds  of  vaccine,  I  determined : 

1.  The  quantity  of  antibodies  produced  in  the  blood  serum  of  the 
rabbit  after  injection,  especially  by  agglutination  and  complement- 
fixation. 

2.  The  resistance  of  the  immunised  rabbit  against  lethal  doses  of 
the  living  bacilli  injected  intravenously. 

The  results  obtained  are  described  in  detail  in  the  succeeding 
pages. 

Details  of  Observations  on  Effects  of  Sensitised  Vaccine 

COMPARED    WITH    THOSE    OF    NoN-SeNSITISED. 

/.   Co'iivparison  of  the  InfiiLence  of  Both  Vaccines  upon  the  Temperature. 

At  first  I  have  to  examine  the  influence  of  the  first  injection  of 
each  vaccine,  the  ordinary  and  the  sensitised,  upon  the  temperature  of 
the  rabbits. 

As  first  injections,  doses  of  200  m.  and  500  m.  bacilli  were  given 
per  kilogram.  For  each  series  of  the  experiments  twenty  healthy 
rabbits  were  taken  which  were  simultaneously  injected,  ten  with 
ordinary  vaccine,  and  ten  with  the  sensitised.  All  the  rabbits  thus 
injected  show  temporarily  an  increase  in  temperature,  and  most  of  them 
get  fairly  high   fever  which  reaches   the  maximum  after  two  to  four 
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hours,  exceptionally  after  six  to  eight  hours,  and  decreases  again  to  the 
normal  after  eight  to  twenty-four  hours.  Atterwards,  their  tempera- 
ture was  taken  regularly  twice  every  day  for  six  days,  and  in  every  case 
was  normal,  as  it  had  proved  to  be  in  the  seven  days  preceding  the 
experiment.  Their  rectal  temperatures  taken  directly  before  and  at 
intervals  up  to  twenty-four  hours  after  eacli  injection,  are  tabulated  in 
Tables  IV.  and  V.,  and  the  results  summarised  in  Table  VI. 

From   the   results   described    above 
conclusions : — 


we   can    draw    the   following 


1.   Both  kinds  of  vaccine  cause  more  or  less  increase  of  temperature 
in  the  rabbits  within  two   hours  after  injection.      But,  comparing  the 
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Chart  1. — Average  temperature  of  the  rabbits  shown  every  two  hours 
after  the  first  injection  of  each  kind  of  vaccine  in  ijuantities  of 
200  ni.  and  500  ni.  per  kg. 


average  temperature  every  hour,  the  sensitised  vaccine  is  generally 
found  to  have  less  reaction  than  the  ordinary,  though  the  dift'erence  is 
only  slight  (cf.  Chart  1).  Further,  the  same  ditterence  between  the 
two  vaccines  is  demonstrated  by  a  comparison  of  the  average  highest 
temperatures  readied  after  injection,  and  of  the  average  increase  in 
each  case  (see  Table  VL). 

2.  The  rabbits,  when  treated  with  the  ordinary  vaccine,  all  get 
more  or  less  high  fever  after  every  injection.  On  the  other  hand, 
among  those  injected  with  the  sensitised  vaccine,  when  the  dose  was 
500  m.  per  kg.  one  rabbit  remained  unfeverish  throughout,  while  with 
a    dose    of    200    m.   per  kg.  four   so  remained.     Thus  the  sensitised 
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Table  VI. — Comparison  of  the  Increase  of  Temperature  in  "  Fahr.  in  Ten 
Rabbits  after  the  First  Injection  of  each  kind  of  Vaccine. 


Av(!i-ar,'e  of 

the  lli<,diest 

Temperature. 

Average 

Amount  of 

Increase. 

Number  of 

Feverish 

Rabbits 

(overl0y''-3). 

200  ni.    f  Ordinary  vaccine  . 
per  kg.  \^ Sensitised      ,,        • 

Ditlerence  .... 
500  m.    f  Ordinary  vaccine  . 
per  kg.  \Sensitisod      ,,        .         .         . 

Ditlerence  .... 

103°-94 
103°-56 

0°-38 
104°-30 
103°-80 

0"-50 

r-88 
r-52 

0'^-36 
2'^ -25 

r-76 

0"-49 

10 
6 
4 

10 
9 
1 

vaccine    clearly   produces    not    ouly   a    smaller    relative    increase    of 
temperature,  but  also  less  frequent  cases  of  fever  than  the  ordinary. 

3.  The  average  of  the  highest  temperatures,  and  that  of  the  rela- 
tive increase  caused  by  an  injection  of  500  m.  per  kg.  of  sensitised 
vaccine  are  still  a  little  lower  than  those  produced  by  200  m.  per  kg. 
of  the  ordinary.  Yet  it  can  hardly  be  concluded  from  this  fact  that 
the  influence  of  a  definite  quantity  of  sensitised  vaccine  upon  the 
temperature  of  the  rabbits  is  less  than  that  of  about  one-half  that 
quantity  of  the  ordinary,  for  the  smaller  the  rabbit  the  more  sensitive 
it  seems  to  be  to  the  vaccine  (see  Tables  XL— XV.).  It  can  safely  be 
assumed  from  the  above  results  that  the  sensitised  is  the  less  toxic  of 
tlie  two  vaccines. 

Let  us  now  compare  the  induence  upon  the  temperature  of  the 
rabbit,  after  the  second,  third,  and  fourth  injections  of  each  kind  of 
vaccine.  Ten  rabbits  were  taken  to  be  injected  with  each  kind  of 
vaccine.  These  had  been  already  injected  with  200  m.  per  kg.,  as 
described  in  Table  IV.  Seven  days  after  this  first  injection,  an  injec- 
tion of  500  m.  per  kg.  was  made.  A  third  and  fourth  injection  of 
1000  m.  and  2000  m.  per  kg.  was  given  after  the  same  interval 
successively  to  each  group  of  ten  rabbits.  The  temperature  of  the 
rabbits  thus  injected  rose  one  to  two  hours  after  the  injections,  and 
reached  its  maximum  within  four  hours  in  most  cases,  and  became 
normal  after  eight  to  twenty-four  hours,  except  in  one  case,  the 
reaction  quite  resembling  that  by  the  first  injection.  The  temperatures 
taken  directly  before,  and  within  twenty-four  hours  after  each  injection, 
are  shown  in  Tables  VII.,  VIIL,  and  IX.,  and  summarised  in  Table  X. 
Chart  2  shows  the  averages  at  a  glance. 

In  the  case  of  these  subsequent  injections  the  difference  in  the 
number  of  the  feverish  rabbits  under  the  two  kinds  of  vaccine  is  not 
so  pronounced  as  at  the  first  injection.  But  the  averages  of  the 
highest  temperatures,  and  the  average  amounts  of  increase  of  tempera- 
ture in  the  injected  rabbits  still  show  a  certain  difference,  sufficient  to 
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Table  X.  —  Comparison  of  the  Increase  of  Temperature  in  °  Fahr.  in  Ten 
Kahhits  after  the  7'epeated  Injection  of  each  kind  of  Vaccine. 


Average  of 

tlie  Highest 

Temperature. 

Av(irage 

Amount  of 

Increase. 

Number  of 

Feverish 

Rah  bits 

(over  103°-3). 

f)00  111.  (  Ordinary  vaccine 
])or  kg.    (Sl'n^sitised       ,, 

Ditlercnce 
1000  111.  1  Ordinary  vaccine 
])er  kg.    (Sensitised      ,, 

Ditlerence 
2000  ni.  /  Onlinary  vaccine 
per  kg.   \ Sensitised      ,, 

Difference 

103°-97 
103°-70 

0°-27 
103''-90 
103°-53 

0°-37 
103°-94 
103°-56 

o'-ss 

2^-26 

r-98 

0"-28 
2" -12 

r-s6 

0°-26 
2°-21 

r-90 

0^-31 

10 
8 
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8 
8 
0 
9 
7 
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THE  SECOND  INJECTION, 
SQom.  PER  Kg, 


Hours  after 
fite /nject/on 


•4 
•2 

1040 
•8 
•6 
•4 
•  2 

1030 

•8 
•6 
•4 
•2 
1020 
•8 
■6 


0  2^68 


24-. 


THE  THIRD   INJECTION, 

rooom.  PER  Kg. 
0    2    4    6  8  24 


THE  FOURTH  INJECTION, 
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Chart  2. — Average  temperature  of  the  rabbits  at  various  intervals  after  the  injection 
of  500  m.,  1000  m.,  and  2000  m.  per  kg.  of  each  kind  of  vaccine  respectively. 

couclude  that   the  sensitised  vaccine  is  certainly  less  toxic   than   the 
ordinary  at  each  repeated  injection  (see  Table  X.). 

Further,  I  would  emphasise  the  fact  that  my  experience  seems  to 
be  a  little  different  from  that  of  Garbat  and  Meyer  (1911^^),  who 
studied  the  temperature  after  intravenous  injection  with  the  two 
vaccines ;  for  they  say  that  the  sensitised  vaccine  not  only  at  the  first, 
but  also  at  succeeding  injections  produced  a  much  higher  and  more 
rapid  rise  in  temperature  with  a  correspondingly  rapid  fall — phe- 
nomena which  cannot  be  found  in  my  cases.  And  though  they  assert 
that  the  general  condition  of  health  was  better,  and  that  the  animals 
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were  livelier  than  with  the  non-sensitised,  the  cases  that  came  under 
my  notice  showed  no  appreciable  ditt'erence  in  these  respects. 

11.   Comparison  of  the  Influence  of  Both    Vaccines  upon  the    Weight. 

As  the  weight  of  the  rabbit  varies  greatly  with  ditl'erent  conditions, 
in  this  experiment  care  had  to  be  taken  to  eliminate  this  variation  as 
far  as  possible.  Pregnant  rabbits  were  rejected,  and  those  used  were 
always  weighed  fasting. 

The  experiments  were  of  three  kinds.  In  the  first  case  a  number 
of  rabbits  were  inoculated  twice,  at  intervals  of  seven  days,  first  with 
500  m.,  and  secondly  with  2000  m.  per  kg.  In  the  second  case,  a 
number  were  inoculated  three  times  at  similar  intervals  witli  500  m., 
1500  m.,  and  5000  m.  per  kg.  In  the  third  case  a  third  group  were 
inoculated  five  times  with  200  m.,  500  m.,  1000  m.,  2000  m.,  and 
5000  m.  per  kg.  at  intervals  of  seven  days  as  before. 

In  the  case  of  the  first  injection,  200  m.  per  kg.  of  either  kind  of 
vaccine  does  not  produce  any  remarkable  change  in  the  rabbits'  weight. 
However,  when  the  dose  of  500  m.  per  kg.  is  injected,  in  most  cases  a 
slight  decrease  of  the  weight  can  be  observed  after  two  or  three  days, 
the  decrease  being  similar  in  the  case  of  sensitised  and  non-sensitised 
vaccines ;  after  five  to  seven  days  the  weight  remains  almost  the  same 
as  after  two  to  three  days  (see  Table  XL). 

In  the  case  of  the  succeeding  injections,  the  variation  in  weight 
follows  the  same  lines  as  after  the  first  injection  of  500  m.,  and  the 
decrease  in  weight  is  usually  directly  proportional  to  the  increase  of 
the  dose.  In  the  case  of  the  last  injection  the  rabbits  were  weighed 
also  after  ten  days,  when  in  most  cases  they  show  a  slight  increase  on 
the  eighth  day's  weight,  due  perhaps  to  their  recovery.  But  very 
sensitive  rabbits  still  show  progressive  decrease  of  weight  after  the 
eighth  day,  and  sometimes  die  of  exhaustion.  In  my  experience,  how- 
ever, no  sudden  or  anaphylactic  death  occurred.  In  every  case  of 
death  a  careful  post-mortem  examination  revealed  no  complicating 
disease,  but  confirmed  my  view  that  death  was  due  to  the  inoculation. 

The  results  shown  in  the  Tables  XI.,  XIL,  XIIL,  and  XIV.,  and 
summarised  in  Table  XV.,  giv^e  us  the  following  conclusions : — 

1.  In  each  series  of  experiments,  the  average  percentage  of  decrease 
in  weight  ten  days  after  the  last  injection  as  compared  with  the 
original  w^eight  is  relatively  low  in  the  case  of  the  sensitised  vaccine. 
On  this  point,  a  remarkable  difference  between  the  action  of  the  two 
vaccines  is  observed,  especially  in  the  case  of  animals  five  times 
injected. 

2.  Further,  the  whole  number  of  the  rabbits  which  decreased  in 
weight  was  found  to  be  slightly  higher  with  the  ordinary  vaccine  than 
with  the  sensitised,  and  the  number  of  those  that  lost  over  10  per  cent. 
in  weight  was  very  much  greater  with  the  former. 
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Table  XV. — Comparison  of  the  Variation  in  Weight  of  the  Injected  Rabbits 

in  each  Series.  ' 


Wliole  Number 

of  Injected 

Rabbits. 

Number 
of  Rabbits 

without 
Decrease  in 

Weight. 

NuTuber  of  Rabbits  with 
Decrea.sed  Weight. 

Number  of 
Rabbits  that 

died  of  the 
In(;culati(jn. 

Under 
5  per 

cent. 

Between 

5-10 
per  cent. 

Over 

10| 

per  cent. 

Total. 

Twice         (0  17 
injected  (  S  17 

Thrice        /Oil 
injected\Sll 

Five  times  (0  15 
injected  \  S  14 

1 
4 
2 
3 
2 
4 

3 

4 
4 
2 

1 
5 

4 
4 
1 
3 
3 
2 

7 
4 
3 
2 
6 
1 

14 

12 

8 

7 

10 

8 

2 
1 
1 
1 
3 
2 

0 

S 

=  Ordinary  vaccine. 
=  Sensitised  vaccine. 

3.  Kegarding  death  caused  by  injection,  it  occurs  more  frequently 
with  the  ordinary  vaccine.  But  the  difference  in  number  with  the 
two  kinds  does  not  warrant  the  pronounced  distinction  between  their 
toxicity  which  was  made  by  Garbat  and  Meyer. 

4.  With  all  different  kinds  of  injection,  the  rabbits  of  small  size 
(under  2000  grms.)  show  a  much  higher  percentage  of  decrease  in 
their  weight  than  the  bigger  ones,  so  that  the  smaller  the  rabbit  the 
more  sensitive  it  appears  to  be  to  the  vaccine.  In  this  case,  again, 
the  ordinary  vaccine  seems  to  have  a  greater  effect  than  the 
sensitised. 

Thus  all  the  above  results  show  that  the  sensitised  vaccine,  though 
not  atoxic,  is  certainly  less  toxic  than  the  ordinary,  as  has  been 
already  suggested  in  the  case  of  temperature  tests,  yet  the  difference 
in  toxicity  is  not  very  great.  We  can  assume,  however,  with  some 
probability,  that,  if  the  dose  of  the  vaccine  is  gradually  diminished,  a 
point  can  be  reached  where  the  sensitised  vaccine  is  no  longer  toxic, 
while  the  ordinary  still  shows  some  reaction,  owing  to  the  difference  in 
their  toxicity.  Still,  as  the  endotoxin  is  probably  more  or  less 
extracted  by  the  serum  and  saline  solution  from  the  bacillary  bodies 
in  the  process  of  sensitising  and  washing  (Besredka,  1906^;  Pfeiffer 
and  Bessau,  1910  ^" ;  and  others),  it  must  be  added  that  the  decrease  in 
toxicity  of  sensitised  vaccine  need  not  be  attributed  merely  to  loading 
the  bacilli  with  amboceptors. 


///.   Comparison  of  the  Production  of  Antibodies  by  the   Two  Vaccines. 

The  serum  of  the  rabbits  injected  with  each  vaccine  is  here 
described  only  with  reference  to  its  power  to  agglutinate  the  homolog- 
ous  bacilli  and  its  capacity  to  deviate  complement,  when  conjoined 
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with  this  orgauism.  The  Ijactericidal  acti(m  of  the  Beruiii  was  also 
tested  by  the  common  method  of  sowing  on  agar  plates,  but  the  result 
was  not  sutticiently  pronounced  with  any  serum,  as  Noon  (1909  ^)  also 
found.  In  my  experiments,  even  O'l  c.c.  of  heated  serum  (derived 
from  the  rabbit  injected  thrice)  in  15  c.c.  could  not  kill  after  four 
hours  a  total  of  3000  bacilli  contained  in  that  solution,  together  with 
0*U5  c.c.  guinea-pig  complement. 


1.  Agglutination. 

To  1  c.c.  of  successive  dihitions  of  the  unheated  fresh  rabbit  serum  was 
added  1  c.c.  of  a  suspension  of  the  hving  baciUi  containing  about  1500  m.  per 
cubic  centimetre.  After  careful  mixing,  the  tubes  were  incubated  at  37°  C. 
for  three  to  four  hours,  when  ahuost  complete  agglutination  occurred,  and  then 
left  overnight  at  room  temperature.  The  results,  read  macroscopically  after 
twenty-four  hours,  appear  in  the  tables. 

First,  two  groups  of  rabbits  were  chosen,  each  consisting  of  live  animals, 
which  were  twice  injected  at  intervals  of  seven  days  with  500  m.  and  2000  m. 
per  kilogram  of  each  vaccine.  Immediately  before  each  injection,  and  two, 
tive,  and  ten  days  after  the  second,  the  same  quantity  of  the  serum  of  each 
rabbit  in  the  group  was  taken  and  mixed.  The  agglutinating  power  of  each 
mixture  was  tested  (see  Table  XVI.). 

Table  XVI. — Agglutination  shown  in  Various  Intervals  by  the  Babbits 

injected  Twice.. 


Serum  Dilution. 

Date  of  Serum. 

0 
+3 

1  :  20 

40 

80         160 

320 

640 

1280 

2560 

0 
0 

u 

'Before  the  first  in- 

1 
1 

1 

as 

jection. 

' 

o 

Seven  days  after  the 

+  + 

4-  4- 

± 

_ 

- 

- 

- 

- 

< 

first  injection. 

> 

Two  days  after  the 

+  +  + 

4-  4- 

4-  4- 

4- 

- 

- 

- 

- 

- 

3 

second   injection. 

Five  days  after  the 

+  +  + 

4-4-4- 

4-  +  4- 

4-4-4- 

4-  4- 

4-  4- 

- 

- 

- 

SB 

second   injection. 

Q 

Ten  days  after  the 

+  4-4- 

4-4-4- 

+  +  + 

4-4-4- 

4-  4- 

4- 

- 

- 

- 

o 

^     second   injection. 

H 

'Before  the  first  in- 

_ 

_ 



_ 



_ 

_ 

55 

jection. 

Seven  days  after  the 

4- 

- 

— 

— 

— 

- 

- 

> 

H 

first  injection. 

Two  days  after  the 

4-  4- 

+ 

- 

- 

- 

- 

- 

second    injection. 

CO 

Five  ilays  after  the 

4-  4-  + 

4-  4- 

4- 

- 

- 

- 

M 

second    injection. 

^ 

M 

Ten  days  after  the 

4-4-4- 

+  4- 

4- 

-             - 

- 

- 

CO 

^     second   injection. 

-    =  Xo  ;   ±   =  doii 

btful  ;   4-   =  partial ;   4-  4-  =  marked  ;   4-  4-  4-  =  almost 

complete  or  complete  agglutination. 

In   Table   XVI.  the  sensitised  vaccine  is    observed   in  every  case  to    be 
incomparably  less  capable   than  the   ordinary  of  producing  agglutinin.     For 
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seven  days  after  the  first  injection  and  two  days  after  the  second,  the  amount 
produced  by  sensitised  vaccine  was  one-fourth  the  amount  of  that  produced  by 
non-sensitised,  and  only  one-ei<^dith  at  five  to  ten  days  after  the  second. 
Further,  the  production  of  agghitinin  is  found  to  vary  with  the  time  in  a 
similar  way  in  each  series,  with  the  titre  highest  five  to  ten  days  after  the 
second  injection. 

Next,  the  agglutination  of  the  sera  obtained  by  two  other  methods  of 
injection  was  tested.  The  five  rabbits  in  each  group  were  injected  successively 
with  500  ni.,  1500  m.,  and  5000  ni.  })er  kilogram  of  each  kind  of  vaccine,  and 
as  another  kind  of  injection,  with  200  m.,  500  m.,  1000  m.,  2000  m.,  and 
5000  m.  Seven  days  after  the  last  injection  the  serum  of  each  rabbit  was 
taken  and  separately  tested.  For  results,  see  Tables  XVII.  and  XVIII. 
respectively. 

Table  XVII. — Agr/Jutinafion  of  the  Sera  jjroduced  by  Three 
Successive  Ivjections. 


Serum  Dilution. 

\  No.  of 
:  Serum. 

1  :  20 

40 

80 

160 

320 

640       1280 

2560 

5120 

10,240 

o 

o 

DO 

^82 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  + 

+ 





_ 

_ 

_ 

g 

3 
55 

S3 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  + 

+  + 

± 

- 

- 

- 

<j 

1  > 
!  >*] 

84 

+  +  +1+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  + 

+ 

- 

— 

— 

- 

< 

85 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  + 

+ 

" 

" 

" 

" 

~ 

Q 
03 

94 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  + 

+  + 

± 

- 

— 

— 

O 

V 

i    H 

r86 

+  + 

+  + 

+ 

_ 

_ 

— 

_ 

— 

_ 

s 

87 

+  +  + 

+  +  + 

+  +  + 

+  + 

± 

- 

- 

- 

... 

- 

< 

88 

+ 

+ 

- 

- 

— 

- 

- 

— 

... 

- 

'    CO 

89 

+  +  + 

+  + 

± 

— 

— 

— 

— 

— 

— 

z 

M 

09 

90 

+  +  + 

+  + 

+ 

+ 

- 

- 

- 

- 

... 

- 

V. 

Explanation  of  symbols  as  in  Table  XVL 

Though  in  each  group  the  agglutination  is  found  to  vary  with  the  different 
rabbits  owing  to  individual  peculiarities,  every  serum  produced  by  the  sensitised 
vaccine  showed  far  weaker  action  than  that  given  by  the  non-sensitised  in  the 
case  of  either  kind  of  injection.  It  is  a  noticeable  point  that  the  sera  derived 
from  the  sensitised  vaccine  seem  to  differ  greatly  in  agglutinating  power. 
Similar  results  will  be  found  in  the  tables  in  the  next  chapter,  showing  the 
lowest  active  dilution  for  agglutination  of  other  sera.  Quoting  the  theory  of 
Xeisser  and  Lubowski  (1909  ^^)  who  studied  the  agglutination  after  injection 
with  agglutinated  bacteria,  the  explanation  of  this  fact  perhaps  may  be  that 
animals  of  high  agglutination,  when  injected  subcutaneously  with  the  sensitised 
vaccine,  have  the  power  of  breaking  the  attraction  between  agglutinin  and 
bacillary  receptors,  the  free  bacillary  receptors  then  stimulating  the  production 
of  much  more  agglutinin. 
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Table  XVIII. — Ayjlutinatiort  of  the  Sera  produced  by  Five  Successive  Injections. 


Serum  Dilution. 

Number  of 
Serum. 

Con- 
trol. 

1  :20 

40 

80 

160 

320 

640 

1280 

2660f 

6120 

10,240 

25    iii^    • 

+  -h  + 

+  +  + 

+  +  + 

+  4-4- 

+  +  + 

+  + 

+  + 

+ 

+ 

_ 

_ 

+  +  + 

+  +  + 

+  +  + 

4-4-4- 

+  +  + 

+  + 

± 

- 

- 

- 

- 

g|     125     . 
O^ll30     . 

+  +  + 

+  +  +  +  +  + 

+  4-4- 

+  +  + 

+  + 

+ 

± 

- 

- 

~ 

+  +  + 

+  +  +  -1-  +  + 

+  +  + 

+  + 

+ 

- 

- 

- 

+  +  + 

+  +  +  +  +  + 

+  +  + 

+  +  + 

+  + 

+ 

— 

— 

— 

— 

Q  •  ri2i 

HU 

+  +  + 

+  +  4-        + 

+ 

+ 

- 

- 

- 

- 

2a     122     . 

+  +  + 

4-  +  + 

+  +  + 

+  + 

+ 

- 

- 

- 

- 

&:5-  123     . 

+  +  + 

+  + 

- 

- 

- 

- 

-1 

- 

gS    127     . 

+  +  + 

+  +  4-      +  + 

+ 

- 

- 

- 

g>ll28     . 

+  +  + 

+  +  +      +  + 

+ 

" 

" 

"" 

Explanation  of  symbols  as  in  Table  XVI. 

2.  Complement-fixation. 

The  technique  adopted  was  essentially  that  in  common  use.  To  0*5  c.c.  of 
each  successive  dilution  of  fresh  serum  heated  at  56^  C.  for  thirty  minutes 
was  added  0*5  c.c.  of  an  emulsion  of  living  bacilli  containing  approximately 
1000  m.  per  cubic  centimetre,  and  0*5  c.c.  of  a  dilution  of  fresh  guinea-pig 
serum.  This  latter  was  so  prepared  as  to  contain  in  that  quantity  a  minimal 
dose  capable  of  completely  dissolving  within  one  hour  the  washed  sheei)-blood 
corpuscles  in  0*5  c.c.  of  a  5  per  cent,  suspension  in  presence  of  the  hsemolytic 
amboceptor.  After  one  hour  at  37°  C,  0*5  c.c.  of  a  5  per  cent,  suspension  of 
washed  sheep-blood  corpuscles  was  added  to  each  tube,  M'ith  a  0*5  c.c.  of  a 
dilution  of  ha^molytic  amboceptor  standardised  with  the  same  complement  to 
contain  three  lytic  doses.  The  mixture  was  then  incubated  two  hours  at  37° 
C,  and  a  preliminary  examination  having  been  made,  was  left  overnight  in  the 
cold,  and  then  tinally  examined.  The  emulsion  of  bacilli  used  was  a  half-dose 
of  the  highest  concentration,  with  which  definite  inhibition  of  haemolysis  did 
not  occur,  as  shown  by  a  previous  test.  The  ha?niolytic  amboceptor  was  of 
course  derived  from  rabbits  injected  with  washed  sheep-blood  corpuscles. 
Further,  a  double  dose  of  the  serum  adopted  was  found  not  to  provoke  any 
inhibition  of  haemolysis.  The  other  usual  controls  were  always  taken  in  the 
examination  proper. 

First,  as  in  the  case  of  agglutination,  the  mixtures  of  5  serums  obtained 
before  and  between  the  two  injections,  and  at  ditierent  intervals  after,  were 
examined  as  shown  in  Table  XIX. 


As  in  the  case  of  agghitination,  so  also  in  the  case  of  deviation  of 
complement,  the  same  relation  is  found  to  exist  between  the  sensitised 
and  non-sensitised  vaccine,  the  degree  of  deviation  being  always  far 
lower  with  the  serum  produced  by  the  former,  but  with  both  varying 
directly  with  the  time.  Seven  days  after  the  first  injection  no  clear 
ditlereuce  is  found ;  the  sera  of  both  series  show  little  reaction.  Two 
days  after  the  second  injection,  however,  the  difference  can  be  distinctly 
observed,  and  after  five  days,  when  the  reaction  is  highest,  it  reaches  the 
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Table  XTX. — Com])lempnt-i\xaiion  sluum  at  Various  Intervals  hy  the 

Rahhits  injected  Twice. 


UJ 

z 

o 
u 
< 
> 

> 

< 

z 

a 
cc 
o 


u 

z 

o 
o 
< 
> 

o 

bJ 
10 


DATE   OF   SERUM. 

Before  fhe  f/rst  /njecf/on 
IDysafter  .,      „  „ 

2Dys.  „      „    Second    „ 

SDys.  „ 

fODys   „       „ 

Before  the  First  /njecf/on 

7  Dys.after  „ 

2  Dys.    „    „  Second    „ 

SDys.    ..     „ 

/ODys.  ,.    „ 


QUANTITY      OF     SERUM 


01  005        0  025         001  0  005       0  0025 


[] 


[d  a 
n  D  n  J 
D  n  a  a 


□  a 
a  a 


Comp/ement  in  each  tube  00^,  ttdemo/yf/c  amdoceptorOOO/5. 


Explanation    of  Scheme    used 
to  illustrate  the  com  plem  ent- fixation  experiments. 


D  □  a  a  a 


NO  TRACE,  or  SL/GHT  flALF  MARKED       ALMOST COMPLETt    COMPUTE 

HAEMOLYS/S.    HAEMOLYSIS.    HAEMOLYSIS.   HACMOLYSED.  HAEMOLYSIS.  HAEMOLYSIS.    HAEMOLYSIS 

facf)  tube  in  the  origindl  experiment  is  represented  by  a  square  in .  the  Tabie. 

maximum.  Testing  the  degree  of  reaction  at  this  time,  we  find 
that  of  the  sensitised  vaccine  is  one-fourth  of  that  of  the  ordinary. 
So  that  the  difference  in  this  case  is  smaller  than  in  the  case  of 
agglutination. 

Further,  this  reaction  was  tested  with  two  other  kinds  of  injection, 
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and  the  sera  obtained  seven  days  after  the  last  injection  were  examined 
separately  (see  Tables  XX.  and  XXL). 

Although  there  is  great  individual  variety  in  the  .sera,  with  parullelism  in 
agglutination,  all  those  derived  from  the  sensitised  vaccine  have  a  reaction 
lower  than  that  of  the  weakest  of  those  derived  from  the  ordinary. 

Thus  we  can  see  also  with  this  organism  that  the  sensitised  killed  vaccine 
produces  fewer  antibodies  (agglutinin  and  complement  deviation)  than  the 
ordinary,  as  Garbat  and  Meyer  observed  in  the  case  of  the  typhoid  Vxicillus. 

IV,    Co7npariso7i  of  the  Decree  of  Immunity  f/iven  hy  the  Tvo  Vaccines. 
1.  Determination  of  the  Minimal  Lethal  Dose. 

A  24  hour  agar-slope  culture  of  the  B.  pseurfo-tuherculosis  roden- 
tium  is  suspended  in  some  quantity  of  saline  solution.  After  freeing  from 
coarse  bacillary  clots  in  the  centrifuge,  a  definite    concentration  is   prepared 

Table  XX. — Complement-fixation  of  the  Sera  prodiiced  hy  Three  Injections. 


NO  OF 

SERUM 

94 


01 


QUANTITY    OF    SERUM 
005       0  025         001        0  005       0  002S       0  001 


D  D  D  n  D  a 


UJ 

Z 

u 
o 

$ 

> 

ad 
< 


a: 
O 


82 


83 


84 


85 


D  D  D  □  a  J 

D  n  n  n  n  a 

D  n  n  D  a  a 

n  n  n  □  a 


ui 

Z 

u 

< 
> 

o 

UJ 


to 

z 

UJ 

to 


86 


88 


89 


90 


a   3 


-  D  D  a 


a  a 

□  a 
ana 


Complement  in  each  tube  0  03,  fiaemo/ytic  amboceptor  0  003. 
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Table  XXI. — Complement-fixation  of  the  Sera  derived  from  Five  Injections. 


N?  OF 
SERUM       0  1 


118 


QUANTITY     OF    SERUM. 


0  05         0  025  001         0005        0  0025        0001 

D  a  D  D  □  □  a 


LU 

a 
< 
> 

>• 

OCL 
< 

z 

q: 
o 


o 
o 

< 
> 

O 
UJ 

to 


in 


(/) 


119 

Lj^ 

124 

125 

1 

U   1 

130 

I 

N   1 

-  D  D  a 


122 


123 


127 


128 


D  D  a  a 
a  a  a 

ana 


D  a 


Complement  in  each  tube  0  03,   /faemo/yt/c  amboceptor  0-003. 

from  this  emulsion,  as  in  the  preparation  of  vaccine,  in  order  that  a  number 
of  cubic  centimetres  proportional  to  the  number  of  kilograms  in  the  rabbit's 
weight  may  be  injected  into  the  marginal  ear  vein.  The  rabbit  thus  injected 
is  observed  for  some  time,  and  after  death  a  careful  examination  is  made, 
together  with  bacteriological  tests  of  the  heart  blood,  gall,  and  peritoneal  fluid 
(for  results,  see  Table  XXII.). 

With  the  injection  of  100  m.  (at  times  50  m.)  of  living  bacilli  per  kg., 
though  death  occurs  very  quickly — within  four  to  seven  days — the  post-mortem 
examination  shows  in  most  cases  the  features  of  acute  intoxication,  fatty  liver, 
enlargement  of  spleen,  acute  nephritis,  etc.  After  the  injection  of  20  m  . 
per  kg.,  however,  death  generally  comes  more  slowly,  within  six  to  ten  days, 
and  always  with  the  characteristic  post-mortem  appearances  of  pseudo-tuber- 
culosis, with  minute  grey  nodules  in  spleen  and  liver,  and  sometimes  exudation 
in  peritoneal  cavity.  But  the  injection  of  10  m.  per  kg.  also  invariably  kills 
the  animals  within  nine  to  fourteen  days,  and  the  post-mortem  gives  us  the 
same  results  as  before.  On  the  other  hand,  the  injection  of  5  m.  per  kg.  was 
atal  in  only  two  cases  out  of  six.     Also  in  other  cases,  the  animals  actually 
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Table  XXII. — Determination  of  the  Minimal  Lethal  Dose. 


Rabbit. 


No. 

Sex. 

Weight. 

62 

M. 

3000 

7t) 

M. 

2280 

77 

F. 

2200 

16 

M. 

1860 

22 

F. 

2376 

105 

F. 

1460 

168 

F. 

1960 

203 

M. 

1820 

204 

F. 

1640 

207 

F. 

2040 

175 

F. 

1630 

201 

M. 

1860 

202 

M. 

1540 

210 

F. 

1860 

34 

F. 

2040 

36 

F. 

1980 

218 

M. 

1860 

219 

M. 

1860 

220 

F. 

1710 

222 

M. 

1470 

Injected 

Bacilli 

per 

Kg. 

100 

m. 

100 

100 

50 

50 

50 

20 

20 

20 

20 

10 

10 

10 

10 

0 

5 

5 

5 

5 

0 

Days  of 

1 

Isolation  of 

Death 

Last 

Post-mortem 

Bacilli  hom 

Blood,  Oall, 

and  Peritoneal 

after 
Infection. 

Weight. 

Appearance. 

Fluid. 

7 

2350 

Characteristic. 

-f 

4 

2070 

Not  so  marked. 

4- 

5 

1740 

> » 

+ 

9 

1520 

Characteristic. 

+ 

f. 

2050 

Not  so  marked. 

+ 

7 

1170 

Characteristic. 

+ 

10 

1550 

>> 

+ 

6 

1550 

>> 

+ 

7 

1320 

) ) 

+ 

7 

1750 

it 

+ 

i^ 

1320 

)) 

-f 

10 

1550 

>i 

+ 

14 

1250 

>> 

+ 

10 

1760 

+ 

... 

Normal. 

8 

1540 

> » 
Characteristic. 

+ 

10 

1230 

+ 

... 

Normal. 

— 

remained  in  a  state  of  high  fever  for  some  days  after  the  injection,  and  then 
recovered  sooner  or  later  from  the  disease,  gradually  gaining  in  weight.  When 
they  were  killed  after  a  month  and  examined,  no  visible  change  could  be 
found  in  the  internal  organs. 

Thus  the  minimal  lethal  dose  for  the  rabbit,  given  intravenously,  was  proved 
to  be  10  m.  per  kg. 

2.  The  Experiments  proper. 

The  rabbits  used  for  this  experiment  were  those  described  in  the  preceding 
chapter,  that  is,  the  groups  of  rabbits  immunised  with  successive  injections  of 
three  kinds  (twice,  thrice,  and  live  times  at  intervals  of  seven  days).  All  the 
rabbits  in  each  group  were  given  the  lethal  dose  simultaneously  ten  days  after 
the  last  injection,  and  carefully  observed  for  two  to  three  weeks.  Xaturally, 
those  that  died  of  disease  were  always  dissected,  and,  if  necessary,  bacterio- 
logical examination  was  made.  Even  the  rabbits  still  surviving  afteV  a  month, 
unless  manifestly  suffering  great  weakness,  were  killed  to  decide  the  existence 
of  infection  by  post-mortem  examination. 

Experiment  1. — The  twice  injected  rabbits  were  taken  for  this  experiment. 
Ten  ilays  after  the  last  injection,  having  been  weighed,  they  were  injected 
intravenously  with  lethal  doses  of  two  strengths  per  kg.  (see  Table  XXIIL). 

After  injection  of  twice  the  minimal  lethal  dose,  all  the  rabbits  in  both 
series  died  of  infection.  One  rabbit  (Xo.  166),  however,  immunised  with  the 
ordinary  vaccine,  remained  alive  for  a  fairly  long  time,  but  hnally  fell  a  victim 
to  the  disease,  as  the  post-mortem  examination  detinitely  proved.  On  the 
other  hand,  after  injection  of  the  minimal  lethal  dose,  two  or  three  rabbits  in 
each  group  bore  the  injection  without  any  appreciable  ill  effects.  After  a 
month  they  were  killed  and  proved  quite  healthy.  Thus  it  is  seen  that, 
though  the  two  kinds  of  vaccine  differ  greatly  in  their  production  of  antibodies, 
yet  in  the  power  they  give  of  resistance  against  infection,  no  pronounced 
difference  is  revealed. 
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Table  XXIII. — Comparative  Resistance  after  immunising  with 

Two  Injections. 


Previous 

Rabbit. 

Active 

Dilution  of 

Serum  for 

A^fglutina- 

lion. 

Injection 
of  Lethal  Dose. 

Cases  of  Death. 

Infection  De- 
.           terniined  by 
"*"          rost-mortem 

Examination. 

Treatment. 

No. 

Sex. 

Weight. 

Date. 

Quantity 
(per  Kt,'.). 

Days  after 
Injection. 

Last 
Weight. 

^  1  . 

168 

F. 

2200 

040  + 

21/vi 

20  m. 

6 

1860 

> 

>» 

159 

M. 

1800 

640  +  + 

>» 

7 

1500 

+ 

3  . 

160 

M. 

1980 

040  + 

>i 

8 

1680 

+ 

& 

4  . 

162 

F. 

2060 

320  + 

i> 

6 

1800 

+ 

a 

5  . 

166 

F. 

2040 

320 +  + 

>» 

36 

1120 

+ 

O^ 

A 

G  . 

151 

M. 

1300 

640  ± 

19/vii 

10  m. 

•• 

- 

'% 

1    . 

184 

F. 

2080 

320  + 

>i 

- 

t3 

8  . 

191 

F. 

1240 

320  ± 

)> 

7 

1140 

+ 

1 

9  . 

192 

F. 

1340 

320  ± 

M 

9 

1120 

+ 

1 

10  . 

195 

F. 

1480 

1280  + 

>» 

- 

o 

'  1  . 

167 

M. 

2040 

80  ± 

21/vi 

20  m. 

7 

1760 

+ 

a 
o 

2 

171 

F. 

2340 

80  + 

>» 

11 

1940 

+ 

> 

3  . 

173 

F. 

1980 

80  ± 

>» 

7 

1630 

+ 

CO 

4  . 

5  . 

174 

176 

M. 
M. 

1820 

1880 

40  +  + 

40  + 

>i 

6 

8 

1600 
1740 

+ 

+ 

® 

,a 

6  . 

156 

F. 

2120 

40  + 

19/vii 

10  m. 

- 

is 

7  . 

178 

F. 

1360 

80  + 

>> 

9 

1120 

+ 

8  . 

182 

F. 

1660 

20  + 

)i 

•  • 

•• 

- 

"3 

1— 1 

9  . 
10  . 

185 
193 

F. 
F. 

1880 
1460 

40  + 
40  ± 

>> 

17 
10 

1500 
1060 

+ 
+ 

g 

0 

1  . 

205 

M. 

1820 

21/vi 

20  m. 

7 

1460 

+ 

£ 

2  . 

216 

M. 

2160 

>> 

>» 

7 

1800 

+ 

3  . 

198 

F. 

1720 

19/vii 

10  m. 

9 

1350 

+ 

2 

4  . 

200 

F. 

1440 

.. 

>» 

>> 

10 

1020 

+ 

5  . 

209 

F. 

1730 

, . 

,, 

II 

14 

900 

+ 

o 

\ 

Experiment  2. — The  group  of  rabbits  injected  thrice  with  each  vaccine 
was  treated  with  twice  and  five  times  the  minimal  lethal  dose  ten  days  after 
the  last  injection,  as  in  Experiment  1.  The  results  in  Table  XXIV.  show  that 
the  intensity  of  immunity  is  also  about  the  same  in  both  series. 

After  injection  of  50  m.  living  bacilli  per  kg.,  no  rabbit  survived  in  either 
series  of  immunisation.  But  after  injection  of  20  m.  per  kg.,  three  rabbits 
previously  treated  with  the  non-sensitised  vaccine  bore  the  injection  safely, 
while  two  of  those  immunised  with  the  sensitised  were  altogether  free  of 
infection. 


Experiment  3. — Expecting  that  the  gradual  increase  of  injected  doses  in 
the  immunisation  would  produce  a  much  higher  immunity  in  animals,  the 
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Table  WIN  .—Comparative  Resutance  after  immunising  with 

Tliret  Injections, 


o 


113 

M. 

1S50 

114 

F. 

1540 

221 

F. 

2050 

223 

M. 

2700 

208 

F. 

2000 

Lowest 
Active 
Dilution  of 
Seruiii  for 
Agglutina- 
tion. 


Injection  of 
Lethal  Doue. 


Cases  of  Death. 


Date        Quantity    Da\  a  after 
(per  Ky.).    Injection. 


Last 
Weight. 


II  il 

"t:  »-  -  3 


!hT  W),',?f '  '■"'/J'^^'^^'^  fi^-e  times,  and  ten  days  after  the  last  injection 
gi>en  lethal  doses  of  three  strengths  per  kg.,  as  shown  in  Table  XXV. 

hn,J»\w  I'  ''**''•  f  If"'  tlie  injection  of  50  m.  living  bacilli  per  kg.  could  not  be 
thrn,.,?fn      ^'  '■  '"  ""'"';  '"""'•     ^'''  ""'  '■^''^bit  (Xo.  124)  injected  with 

of  in  ir  ^^'  '"'?^.l"^  fe-nained  alive  for  a  long  time ;  finally,  this  one  also  died 
of  mfec  .on.  After  the  injection  of  lethal  doses  of  20  aid  30  m.  per  kg., 
the  nnmber  of  rabbits  that  survived  was  about  the  same  in  both  series. 
a.MwJ,""°'ff'"""."''  'f""'  obtained  (Table  XXVI.),  we  can  conclude 
Thl  uT  K  I'u'^'""-^  •'?  t'>«'l«gf««  of  immunity  against  infection,  namely, 
b.twr.n  H  ^'.      '""="'."<='^^*'  PO"-e>-  '■«  rh-o,  there  is  no  appreciable  difference 

ht  flTf  .k".   '°.wu'"'''  "'  ^''""'''"''  (1^1-  '')  '»^^"t«'l-     At  least  it  is  a  cer- 
tain tact  that  with  the  sensitised  vaccine,  animals  do  not  obtain  much  higher 
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Table  XXV. — Comparative  ResUtance  after  immunising/  ivith 

Five  Injections. 


Previous 

Rabbit. 

Lowest 

Active 

Dilution  of 

Serum  for 

Ajfglutina- 

tion. 

Injection  of  Lethal 
Dose. 

Cases  of  Death. 

Infection  De- 
termined by 
Post-mortein 
Examination. 

Treatment. 

Date. 

(Quantity 
(per  K{f.). 

DayH  after 
Injection. 

Last 
Weight. 

No. 
118 

Se.\. 

Weight. 

.  1  • 

M. 

1130 

5120  ± 

14/vi 

50  m. 

7 

1170 

+ 

o 

'1  . 

124 

M. 

1040 

2560  ± 

M 

» 

32 

820 

+ 

a 

■i  . 

126 

M. 

1400 

640  + 

., 

>, 

10 

1120 

+ 

> 

4  . 

132 

F. 

1560 

1280  ± 

>> 

»» 

5 

1300 

+ 

c« 

5  . 

119 

xM. 

1660 

1280  ± 

.. 

30  m. 

7 

1600 

+ 

g 
•3 

t4 

6  . 

130 

F. 

1760 

1280  + 

,, 

)i 

10 

1590 

+ 

7  . 

136 

F. 

1600 

1280  ± 

It 

») 

9 

1400 

+ 

2 

1 

8  . 

137 

F. 

1520 

2560  + 

l> 

i> 

- 

9  . 

150 

M. 

2260 

2560  ± 

22/vii 

20  m. 

- 

a 

10  . 

11  . 

183 
187 

F. 
M. 

2580 
2180 

1280  + 
1280  ± 

" 

>» 
»> 

7 

2250 

+ 

12  . 

188 

M. 

2580 

1280  + 

>» 

" 

•• 

- 

/  1   • 

122 

F. 

1320 

320  4- 

14/vi 

50  m. 

6 

1170 

+ 

6 

2 

127 

F. 

1440 

160  ± 

>» 

u 

10 

1220 

+ 

fl 

3  . 

128 

F. 

1620 

160  + 

>) 

>) 

5 

1280 

+ 

> 

4  . 

138 

F. 

1250 

40  -f-  + 

>) 

>) 

7 

1110 

+ 

5  . 

121 

F. 

1640 

320  ± 

») 

30  m. 

6 

1460 

+ 

6  . 

7  . 

8  . 

123 
135 

142 

F. 

M. 
M. 

1440 
1560 
2240 

40  +  + 
160  + 
160  + 

»> 

" 

7 

1330 

+ 

-a 

0) 

9  . 

186 

F. 

2840 

160  + 

22/vii 

20  m. 

•• 

- 

0 

10  . 

189 

F. 

2500 

640  + 

>) 

,> 

- 

1 

a 

11  . 

190 

F. 

2600 

80  ± 

.. 

.. 

15 

2000 

+ 

'-' 

,12  . 

197 

M. 

2720 

80  ± 

" 

)) 

•• 

- 

j3 

.  1  . 

213 

M. 

1860 

14/vi 

50  m. 

5 

1800 

+ 

1 

2 

214 

M. 

1700 

>> 

»» 

6 

1680 

+ 

u 

3  . 

211 

M. 

1560 

-  „ 

30  m. 

7 

1420 

+ 

o  ■ 

4  . 

212 

M. 

2060 

jj 

>) 

7 

1990 

+ 

EQ 
O 

5  . 

224 

M. 

1940 

22/vii 

20  m. 

10 

1480 

+ 

o 

6  . 

225 

M. 

2080 

>> 

u 

8 

1560 

+ 

" 

^ 

immunity  than  with  the  other.  On  the  other  hand,  as  agglutination  and  devia- 
tion of  complement  are  much  lower  with  the  sensitised  vaccine,  we  can  see  that 
in  this  case  the  amount  of  both  the  antibodies  does  not  indicate  the  actual 
degree  of  immunity  given  by  them.  That  is  to  say,  this  fact  proves  that  the 
sensitising  enables  Ihe  killed  bacilli  injected  to  make,  as  Garbat  and  Meyer  and 
others  have  shown,  a  partial  increase  of  antibodies,  but  not  of  the  same  com- 
ponents as  those  suggested  by  Ardin-Delteil  and  his  collaborators  in  case  of 
the  living  bacilli. 


440 
Table  XXVI. 


SHIGESHI  KAKEHI. 

■Suiiunary  of  Results  of  injedinfj  Immuniaed  Rabbits  with 
Various  Doses. 


Dobeb  per  kj,'-  -    • 

5U  III. 

3U  m.                      -10  m. 

10  m. 

No. 

Not 
infected. 

No. 

4 
4 

Not      !  vo 
infected.  \  ^^' 

! 

Not 
infected. 

No. 

5 
5 

Not 
InfectM,  1 

Twice     in-  f  Ordinary  vaccine 
jected      \  Sensitised      ,, 

Thrice    in-  |  Ordinary  vaccine 
jected       (Sensitised      ,, 

Five  times  |  Ordinary  vaccine 
injected    \^ Sensitised      ,, 

5 

4 
4 

0 
0 

0 
0 

1 

2 

6 
5 

5 
6 

4 
4 

0 
0 

3 
2 

3 
3 

3 
2 

Thus  the  sensitising  seems  to  me,  apart  from  the  fact  that  the  process 
renders  living  bacilli  less  liable  to  produce  carriers,  as  first  reported  by 
^fetchnikoti'  and  Uesredka,  to  possess  a  slight  advantage  when  applied  to  killed 
bacilli ;  as  it  renders  the  vaccine  slightly  less  toxic  without  diminishing  its 
immunising  power,  and  this  in  spite  of  the  comparative  absence  of  agglutinin 
and  complement-hxation. 

Further,  comparing  the  rabbits  immunised  with  the  same  kind  of  vaccine 
in  each  series,  especially  with  the  sensitised  vaccine,  the  degree  of  agglutination 
appears  not  to  be  quite  proportional  to  that  of  resistance  against  the  lethal 
dose.  For  instance,  in  Table  XXIY.  a  rabbit  (X'o.  180),  the  serum  of  which 
showed  the  highest  agglutination  of  1  :  320,  died  of  infection  very  quickly, 
while  another  one  (No.  172)  survived,  though  with  the  lowest  agglutination  of 
1  :  80,  Such  examples  are  found  in  each  experiment  with  the  sensitised 
vaccine,  while  in  the  case  of  non- sensitised  they  are  not  so  marked.  To 
explain  such  a  mystery  it  must  be  remembered  that  the  smaller  rabbit  is 
l)erhaps  more  sensitive  to  infection  than  the  bigger,  as  was  observed  when 
immunising.  Or,  in  accordance  with  the  theory  of  Xeisser  and  Lubowski, 
already  mentioned,  this  may  be  due  to  the  fact  that  the  agglutination  titre 
in  the  case  of  the  sensitised  vaccine  appears  so  variable  that  it  can  hardly 
be  utilised  as  an  indication  of  the  degree  of  immunity  for  the  purposes  of 
comparison. 

Summary. 

Dealing  with  tlie  B.  pseudo-tuberculosis  rodentium  (Pfeiffer),  the 
following  are  the  etlects  upon  the  rabbit  of  the  killed  vaccine  sensitised 
by  Besredka's  method,  as  compared  with  those  of  non-sensitised  : — 

1.  The  sensitised  vaccine  has  one  slight  advantage  in  that  the 
increase  of  temperature  in  injected  animals  is  a  little  lower  on  the 
average  than  that  produced  by  the  non-sensitised,  not  only  after 
the  first  injection,  but  also  after  succeeding  injections. 

2.  The  animals  can  generally  bear  the  various  series  of  injections 
of  the  sensitised  vaccine  with  much  less  loss  of  weis-ht  than  when  the 
non-sensitised  is  used,  so  that  the  former  appears  to  be  less  toxic, 
although  the  number  of  animals  which  died  of  injection  is  not  sufficient 
to  decide  this  point. 
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3.  As  to  the  degree  of  iiniuuiiifcy  ol)tained  by  the  injection  of  each 
kind  of  vaccine,  there  is  no  api)reciable  (Hfference,  for  they  both  give 
al)0ut  the  same  degree  of  resistance  against  various  lethal  doses, 
when  the  animals  are  compared  ten  days  after  the  last  injection  of 
vaccine. 

4.  The  production  of  antibodies  in  the  serum,  testable  by  agglutina- 
tion and  complement-fixation,  is  much  less  with  the  sensitised  tlian 
with  the  non-sensitised  vaccine  under  the  same  conditions.  Thus  the 
estimation  of  these  antibodies  in  vitro  does  not  show  the  actual  de^^ree 
of  immunity  given  by  the  former,  as  compared  with  the  latter. 

In  conclusion,  I  must  express  my  gratitude  for  valuable  help  and 
suggestions  in  conducting  this  research  given  in  various  ways  by  Prof. 
jNIartin  of  the  Lister  Institute,  Dr.  Lediugham,  and  Dr.  Tenfold. 
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NOTE   ON   THE    KEEPING    QUALITIES 
OF  THERAPEUTIC   SERUMS. 
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BACTEUIOLOGIST  IN   CHAHOK   OF  8KRUM   LABOUATOUIE8,   LI8TKR 
INSTITUTE   OF   PUEVENTIVE   MEDICINE. 


At  the  present  time,  when  it  is  necessary  to  keep  large 
stocks  of  therapeutic  scruins  on  hand  to  meet  any  sudden 
call,  it  becomes  ot  importance  to  know  the  rate  at  which 
serums  deteriorate. 

The  scrum  which  has  been  the  most  carefully  studied 
in  this  respect  is  antidiphtherial  serum. 

Dijjhtheria  Antitoxin. 

Anderson  (1910)  examined  the  question  under  experi- 
mental conditions  and  found  that  the  average  yearly  loss 
in  unitage  was  about  20  per  cent,  when  the  serum  was 
kept  at  room  temperature  (70°F.-95°F.) ;  at  15°  C.  the 
loss  was  about  10  per  cent.,  and  at  5°  C.  about  6  per  cent, 
per  annum.  Dry  diphtheria  antitoxin  kept  in  the  dark  at 
5°  C.  remams  stable  for  at  least  five  and  a  half  years.  Old 
serums  are  just  as  good  as  fresh  serums  when  the  relative 
unitage  is  taken  into  account. 

The  writer  (1913)  also  carried  out  some  experiments  in 
this  direction.  His  results  confirm  those  of  Anderson 
inasmuch  as  he  found  that  the  loss  during  one  year 
amounted  to  7  per  cent,  w^hen  the  serum  was  kept  in  an 
ice  chest,  and  to  14  per  cent,  when  the  store  temperature 
varied  between  6°  C.  in  winter  and  16°  C.  in  summer.  At 
36°  C.  the  loss  was  37  per  cent,  in  six  months  and  51  per 
cent,  in  twelve  months.  One  serum  kept  in  bulk  (100 
c.cm.),  instead  of  in  the  ordinary  ampoules,  at  36°  C.  lost 
62  per  cent,  of  its  antitoxin  in  six  months. 

We  see  from  these  observations  what  we  can  count  upon 
when  the  serum  is  kept  under  proper  conditions,  namely, 
in  the  dark  and  in  the  cold. 

[399/16] 


But  serums  on  the  market  are  not  always  stored  so 
carefully,  jiul^iii^  from  tests  carried  out  on  samples  of 
serum  wliich  have  heeu  in  cummerce. 

In  the  Journal  of  the  lioijal  Army  Medical  dorpSy 
vol.  iii,  1904,  p.  601,  are  ^iven  results  of  an  examination 
of  some  samples  of  diphtheria  antitoxin.  The  interval 
between  the  tests  was  about  fourteen  months,  and  durinjj 
that  time  some  of  the  samples  had  made  two  voyages  to 
India  and  back.  Tlie  maximum  loss  in  unita^e  was 
20  per  cent.,  and  the  average  loss  some  7  to  8  per  cent. 

Miller  (1905),  who  examined  eighty-two  samples  of 
returned  serum,  mentions  that  '*  A  half-dozen  packages 
of  serum  had  evidently  been  exposed  to  considerable  heat, 
as  the  serum  in  them  was  firmly  coagulated."  He 
concluded  that — 

1.  The  high  potency  serums  change  more  rapidly 
than  tlie  weaker,  but  in  neither  case  is  the  loss  of 
potency  as  rapid  as  is  usually  supposed. 

2.  The  ordinary  packages  of  serum  retain  their  full 
therapeutic  value  for  the  time  limit,  which  is  often 
stamped  on  the  labels. 

3.  The  demand  frequently  made  for  fresh  antitoxin 
is  not  justified. 

Kinyouu  and  Hitchens  (1907)  tested  100  serums,  samples 
of  "  returned  antitoxin "  which  had  been  subject  to  the 
usual  commercial  conditions.  The  time  between  the  first 
and  final  tests  varied  from  thirteen  to  twenty-seven 
months.  The  loss  in  unitage  varied  from  0  to  48  per  cent. ; 
the  latter  occurred  in  eighteen  months.  Many  of  the 
serums  were  out  for  more  than  eighteen  months  without 
losing  so  much. 

In  the  following  table  are  given  the  results  of  an  exami- 
nation of  a  number  of  samples  of  serum  which  had  been 
in  cou\merce,  and  wliich  were  all  returned  at  the  same 
time.  It  must  be  noted  that  the  tests  were  not  carried 
closer  than  50  units.  Thus  a  450  unit  serum  might  be 
475  units  or  more,  a  300  unit  serum  might  be  340,  and  so 
on.  Serum  No.  4,  for  instance,  may  originally  have  been 
say,  640,  and  the  loss  really  6  to  7  per  cent.,  but  as  the 
serum  was,  for  uiarket  purposes,  originally  reckoned  as 
600  units  its  loss  in  commerce  was  tiil.  These  batches  of 
serum  were  made  up  of  bleedings  which  had  been  kept  for 
varying  periods  before  being  mixed  up  to  form  a  batch. 
Serum  No.  7  was  composed  of  serums  which  had  been  in 
store  for  from  two  to  sixteen  months  before  being  mixed, 
and  therefore  the  "  age  of  serum"  is  put  as  two  to  sixteen 
months : 


fpAHI.K  I.  — ,S7*(>/r//(//  flic  Lox.t  of  Antitoxin  ivliirh  occurred  in 
Sdiniilcsof  Diphtheria  Antitoxin  n-Aiich  had  been  in  Conunerce 
for  Varion><  Periods. 
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17 
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31 
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9 
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400 
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*  That  is,  period  between  the  date  of  collection  and  the  date  of  first 
testing  and  sending  out  into  commerce. 


The  average  peiio<l  during  wliicli  these  neruiUK  were  oil 
the  market  is  about  twu  and  a  hall:  years,  ami  the  average 
luHS  iu  uuitage  during  tliat  period  is  about  23  per  cent.,  or 
about  10  per  ceut.  per  aunuiii.  Notliing  in  known  about 
the  conditions  under  wliicli  these  serums  were  stored  while 
in  commerce,  but  it  is  obvious  that  the  rates  of  deterioration 
varied  greatly.  If  we  compare  tlie  losses  in  Nos.  19,  20, 
and  21,  and  also  those  in  26  and  27,  we  must  conclude  that 
unless  we  know  how  serum  has  btjeu  stored  the  putting 
on  the  label  of  a  time  expiry  limit  tells  us  nothing,  and 
may  lead  to  a  false  sense  of  security. 

Tetanus  Antitoxin. 

Kept  under  similar  conditions  this  antitoxin  loses  its 
strength  at  about  the  same  rate  as  diphtheria  antitoxin. 

Antiplague    Serum. 

Taking  the  antitoxin  content  of  this  serum  as  a  criterion, 
it  has  been  found  that  antiplague  serum  when  stored  under 
proper  conditions  changes  little  in  the  course  of  two  years. 
(Cf.  MacConkey,  1912.) 

Antidysentery  Serum. 

There  is  no  generally  accepted  methoil  of  standardizing 
this  serum.  In  these  laboratories  we  have  for  several 
years  used  as  test  "  toxin  "  the  dry,  powdered  bodies 
of  bacilli  of  the  Shiga  type.  The  strength  of  this  powder 
has  remained  fairly  constant  for  three  years — 2V  ^g* 
suspended  iu  distilled  water  or  salt  solution  and  injected 
intravenously  usually  proving  fatal  to  a  rabbit  of  1,000  to 
1,500  grams  in  four  to  five  days.  The  test  dose,  1-5  mg., 
of  this  "  toxin "  is  mixed  with  the  serum  and  at  once 
injected  intravenously.  Tested  in  this  way,  antidysentery 
serum  appears  to  retain  its  "  toxin  "  neutralizing  power 
with  little  change  for  at  least  one  and  a  half  years. 
Some  serum  which  was  sent  out  to  India,  kept  there  in 
an  ice  chest  for  one  year  and  then  returned,  showed, 
when  retested,  no  deterioration. 

Antiscorpion  Serum. 

This  serum  preserves  its  property  of  neutralizing 
scorpion  venom  with  little  change  for  two  years. 

Antimeningococcic  Serum  :  Antistreptococcic  Serum. 

We  cannot  say  how  long  these  serums  retain  their  value, 
as  there  is  no  method  accepted  as  reliable  for  standardiza- 
tion  purposes.     A  paper  on   the  standardization  of    anti- 


meningococcic  sorum  has  appeared  in  the  Journal  of 
Immunology,  August,  1916,  but  this  journal  haw  not 
been  available  as  yet. 

(ieneral  Remarks. 

It  is  specially  to  be  noted  with  regard  to  diphtheria 
antitoxin  and  tetanuH  antitoxin  that  tlie  loss  which  occurs 
on  keeping  is  in  the  number  of  units  only.  The  qaality 
of  the  antitoxin  remains  the  same,  but  the  quantity  is  less. 
This  decrease  can  easily  be  remedied  by  giving  larger 
doses. 

It  would  add  greatly  to  our  knowledge  if,  when  either 
antiplague  serum  or  antidysentery  serum  is  used,  a  note 
were  made  of  the  distinguishing  mark  on  the  bottle.  If 
this  were  always  done  and  mentioned  in  reports  we  should 
in  time  possibly  be  able  to  establish  a  relationship  between 
the  quality  of  the  serum  and  tlie  therapeutic  effect. 

Rkferences. 
Andersou  (1910):  Bulletin  No.  66  Hys.  Laby   U.S.P.H.  Service. 
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MacCoukey    (1912):    Journ.   Hyg.,   xii.  Supplement,   p.   387.      (1913): 
Journ,  Hyg.,  xii.  p.  511. 

Miller  (1905):  Centralbl./.  Bakt.,  I,  Oriji.,  xxxviii,  p.  233. 
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ON  THE 

PASSIVE   IMMUNITY    CONFERRED    BY    A 
PROPHYLACTIC  DOSE  OF  ANTI- 
TETANIC   SERUM. 


The  occurrence  of  cases  of  tetanus  even  though  a  pro- 
phylactic injection  of  serum  has  been  given  draws  attention 
to  the  comparatively  short  duration  of  the  complete  passive 
immunity  conferred  by  a  dose  of  antitoxin.  There  are  many 
references  to  this  in  the  literature  from  1893  (Roux  and 
Vaillard)  down  to  the  present  time  (Vaillard,  1916),  and  yet 
this  fact  does  not  seem  to  be  as  fully  recognised  as  it  ought 
to  be  even  now. 

It  has  been  stated  that  after  a  subcutaneous  injection  of 
antitoxin  the  antitoxin  content  of  the  blood  reaches  its  maxi- 
mum in  2-3  days  and  then  remains  fairly  constant  till  about 
the  seventh  day,  when  it  begins  to  decrease.  It  is  also  said 
that  a  sufficient  dose  of  antitoxin  gives  complete  protection 
for  several  days  and  partial  protection  for  2-3  weeks.  The 
object  of  the  following  communication  is  to  record  some 
experiments  which  bear  on  this  point.  These  experiments 
form  part  of  a  larger  series  which  was  undertaken  with  the 
object  of  ascertaining  the  most  economical,  and  at  the  same 
time  reliable,  method  of  using  tetanus  antitoxin. 

Our  first  object  was  to  find  out  the  smallest  quantity  of 
antitoxin  which  would  give  complete  protection  for  one 
week.  For  this  purpose  several  series  of  guinea-pigs  were 
taken  and  each  animal  in  a  series  received  a  subcutaneous 
injection  of  the  same  amount  of  antitoxin,  but  the  number 
of  units  given  to  each  series  was  dififerent.  Seven  days  later 
the  immunised  animals  and  a  series  of  controls  received  an 


Injection  of  tetanus  toxin  ^ubcutaneouhly.  The  experiment 
was  repeatetl  until  the  results  were  quite  clear,  ah  rnay  be 
seen  in  Table  I. 


Note.— To  avoid  repetition  it  may  be  stated  that  all 
injections  were  ^iveu  subcutaueously  in  the  abdominal 
region. 


Table  I. 


Anti- 

en 

Anti- 

X 

Aiiti-     i 

Aiiti- 

X 

Dose  of 

toxin 

C 

toxin 

£ 

toxin      S 

t(^)j(in 

u 

toxin 

(U.S.A.). 

units. 

C 

units. 

c 

units,      g 

.    -               c 

units. 

fi 

ZJ 

o 

1 

o 

o 

3i 

N 

7 

N 

N 

SI 

3i 

7 

lUi 

1 

2 

6 

i 

i 

3 

0  0OOG02jr 

0-00iT003« 

Mo 

N 

N 

N 

Tet.* 

■N 

N 

N+5 

N 

N 

SI 

0  000004  g 

., 

,, 

,, 

J 

,^ 

,, 

-t-4 

' 

..  +fi 

SI 

SI 

Mo 

0-000005 K 

^, 

^, 

Ml 

1, 

J, 

,, 

-1-4 

•  •   •■ 

..43 

-1-12 

^^ 

N 

-1-6 

0-0  0006 g 

,, 

,, 

jj 

, 

,j 

,, 

,, 

-1-4 

.    -1-3 

Ml 

N 

Tr 

0-000007 g 

... 

•• 

" 

-1-3 

..  ^^ 

•• 

SI 

•• 

-f4-5 

*  Tetanus,  but  recovered.  N  =  Nil  (no  Bymptoms  of  tetanus). 
SI  =  Sliglit  attack  of  tetanus.  Ml  =  Milii  attack.  Mo  =  Moderate 
attack.  Tr  —  trace.  -|-  =  Deatli,  ami  the  number  which  follows 
Indicates  the  day  on  which  death  occurred.  Two  numbers  (4-5)  refer 
to  the  night  between  two  days. 


We  see  that  ^,  ^,  or  f  U.S.  A. unit  does  not  afford  complete  pro- 
tection for  one  week,  though  these  amounts  saved  life  against 
a  dose  of  toxin  which  was  fatal  to  the  controls.  If,  however, 
we  give  1  unit  or  more  we  obtain  complete  immunity  during 
at  least  one  week.  As  an  ordinary  man  is  about  220  times 
heavier  than  these  guinea-pigs,  this  would  mean  that, 
calculating  by  body-weight  only,  a  man  would  require  some 
250  U.S.A.  units  to  protect  him  for  a  week,  while  a  dose  of 
500  U.S.A.  units  would  allow  for  man  being  twice  as 
susceptible  as  the  guinea-pig. 

It  might  be  urged  that  the  conditions  of  the  experiment 
were  not  similar  to  those  occurring  in  actual  practice.  In 
order  to  meet  this  objection  an  experiment  was  carried  out 
in  which  each  animal  received  a  small  dose  of  toxin  some 
time  before  the  serum  and  then  further  small  doses  of  toxin 
at  short  intervals,  until  by  the  seventh  day  each  animal  had 
received  a  lethal  dose  of  toxin  (0  000006  g.).  The  results  are 
shown  in  Table  II. 
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N  =  Nil  (no  symptoms  of  tetanus). 


(t  is  obvious  that  giving  part  of  the  toxin  (1/6  of  a  lethal 
dose)  before  the  serum  has  made  no  difference  to  the 
result. 

If  we  increase  the  interval  between  antitoxin  and  toxin 
from  1  week  to  10  days  we  find  that  the  immunity  is 
beginning  to  diminish,  and  if  we  wait  2  weeks  before  testing 
the  immunity  we  obtain  results  which  confirm  those  of 
previous  observers  and  which  show  that  most  of  the  pro- 
tection afforded  by  an  injection  of  antitoxin  has  disappeared. 
There  may,  however,  be  a  partial  immunity  sufficient  to  save 
life,  though  not  to  prevent  an  attack  of  tetanus.  (Table  III.) 


Table  III. — Immunity  after  10  Days. 


Dose  of 

Dose  of  antitoxin  in  units. 

toxin. 

1 

3 

Nil. 

S.L.T.  for 

3  days. 

Nil. 

Mild 

tetanus. 

6 

9 

O-000004g 

0- 000005 g 

O-0OO0C6g 
O-0C0007g 

Trace  for 

4  days. 

Nil. 

S.L.f.  for 
1  week. 

Nil. 

+  7-8 

S.L.T.  for 

about  1  week. 

Nil. 

S.L.T.  for 
about  1  week. 

Mild  tet.^ 
reed, 
+5-6 

+  4-5 

S.L,T.  =  slight  local  tetanus. 
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Tablk  is  .—Immunity  ajter  2  Week*. 


Dose  of 
toxin. 


Antitoxin  units. 


3i_ 

0-000003  K  I  Trace. 
+7 


000f004t{|     +7 


0  COOOOSk      +7 

OOOOOOfiy  Trace 

0-000007  g   Mild. 


Slight. 

+8 
Trace. 


lOi 

Mild. 

+6 
Slight. 

+  6 
+  7 


Con- 
trols. 


Slight. 
-1-6-7 
+6-7 
+6-7 
+6 


Antitoxin  units. 


Trace 

k'5» 
Mod. 


+  8-9 
+  7 
+  6 
Trace 


M*m1. 
Slight. 


Con- 
trol*. 


K13* 

+6 
+  4-5 


*  K  5  and  K  13 


^  Icilled  on  fifth  >iiid  thirteenth  day  respectively 
because  of  severity  of  the  attacli. 


When  the  iiutnunity  has  diminished  so  much  in  the  course 
of  a  fortnight  after  an  injection  of  tetanus  antitoxin  one  is 
not  surprised  to  find  that  practically  all  is  gone  at  the  end 
of  three  weeks. 

Table  V. — Immunity  after  3  Weeks. 


Dose  of 
toxin. 


0-000004  g 
0-000006  g 
0-000006  ti 
0000007  g 


Number  of  units  of  antitoxin. 

1 

3 

6 

9 

+  &-6 

+  4-5 
+  11-12 
+  4 

+  7-8 
+  4 
+  4-5 
+  3-4 

Mod.  tet. reed. 
+  4-5 
+  5 
+  4-5 

+  8-9 

.Mo.i.  tet.  reed 

+  5-6 

+  5-6 

Controls. 


Mod.tet.recd. 
+  8-9 

!       +"4-5 


From  these  results  it  would  seem  that  the  increased  dose 
of  antito.xin  has  not  had  an  appreciable  effect  in  increasing 
the  duration  of  the  subsequent  immunity. 

In  view  of  these  results  it  seemed  advisable  to  try  whether 
a  very  much  larger  dose  than  had  so  far  been  given  would 
give  a  correspondingly  better  result.  Each  of  5  guinea-pigs 
received  beneath  the  skin  of  the  abdomen  40  U.S.A.  units  of 
tetanus  antitoxin,  and  after  an  interval  of  2  weeks  the  test 
doses  of  toxin.     (Table  VI.) 

Table  Yl.— Immunity  2  Weeks  after  40  U.S.A.   Units  of 
Antitoxin. 


Antitoxin. 


40  U.S.A.  units. 


Tox'n. 


0-000003 g 
0-000004 g 
0-000005  g 
0-00C006g 
0  000007  g 


Result. 


No  symptoms  of  tetanus. 

Mild  tetHuus  from  5th  to  about  15th  day 

Trace  of  local  tetanus  8th-15th  day. 

Mild  tetanus  from  7th  to  about  20th  day 


We  see,  then,  that  even  such  a  large  dose  as  40  U.S.A. 
units  (corresponding  to  at  least  8000  units  in  man)  do*>s  not 
afford  complete  protection   for  a  fortnight.      It  would  also 


seem  that  Levin  (1909)  was  rij^Iit  when  ho  expressed 
the  opinion  that  we  cannot  hope  hy  increasing  the  dose  of 
antitoxin  to  increase  greatly  the  duration  of  j)assive  immunity. 
Tiiese  results  led  us  to  go  a  step  further  and  to  give  an 
enormous  dose,  a  dose  which  would  allow  us  to  compare  our 
results  with  those  of  Kuediger  (1913),  who  stated  that 
250  U.S.A.  units  of  tetanus  antitoxin  would  protect  guinea- 
pigs  for  from  four  to  six  weeks  against  a  dose  fatal  to  the 
controls.  Unfortunately,  he  does  not  mention  whether  the 
protection  was  complete  or  not.  We  gave  to  each  of  a  series 
of  guinea-pigs  250  U.S.A.  units  of  antitoxin  and  tested  their 
immunity  at  the  end  of  four  weeks.    (Table  VII.) 

Table  WIL— Immunity  4  Weeks  After  250  Units  of  Antitoxin. 


Antitoxin. 

Toxin. 

Result. 

250  U.S.A.  units. 
»« 

0-000006  g 

Mild  tetanus— well  within  3  weeks. 
Moderate     ,,    —   ,,                       ,, 

Slight  symptoms. 
Mild  attack— well  within  3  weeks. 

This  large  dose  has  protected,  but  not  completely,  though 
there  was  never  any  question  of  life  being  endangered.  Now 
there  happened  to  be  available  13  guinea-pigs  which  had 
each  received  lOc.c.  of  antitetanic  serum  in  the  ordinary 
course  of  routine  testing.  To  each  of  these  animals  was 
given  beneath  the  skin  of  the  abdomen  the  official  minimal 
lethal  dose  of  the  standard  dry  powdered  test  toxin  which 
has  been  used  in  all  the  (previous)  tests  detailed  in  the 
paper.     (Table  VIII.) 

Table  VIII. 


Interval  be- 

Anti- 

tween in  jee 

No. 

toxin. 

tion  of 

antitoxin 

and  of  toxin 

Toxin. 

Result. 

U.S.A. 
units. 

Days. 

1 

9000 

27 

J-00000-6g 

Ho  symptoms  of  tetanus. 

2 

3000 

27 

ji 

3 

3000 

27 

Trace    of    tetanus    present  from 
3rd-6th  day  and  then  passed  off. 

4 
5 

2200 
2200 

31 
31 

Very  slight  symptoms ;  recovery 

6 

3000 

40 

Verv  slight  tetanus.  Death  21stday 

7 

3000 

40 

Tetanus.     Death  6th  day. 

8 

3500 

47 

•  • 

9 
10 

3500 
3500 

47 
40 

Slight  tetanus ;  recovery. 

11 

3500 

40 

Mild  tetanus  ;  recovery. 

12 

3000 

28 

Only  a  trace ;  recovery. 

13 

3000 

28 

No  symptoms. 

A  cou!iiid6ration  of  the  results  of  these  experiments  tixew 
our  attention  on  two  points  which  wtand  out  prominently. 
The  one  is  the  extreme  differences  in  the  suHceptibility  of 
guinea-pigs  t()  tetanus  toxin  ;  the  other  is  the  enormous 
doses  which  apparently  we  must  give  when  we  aim  at 
obtaining  passive  immunity  of  long  duration.  Of  course,  it 
would,  in  present  circumstances,  be  quite  impracticable  to 
use  for  man  doses  corresponding  to  some  of  those  we  have 
given  to  guinea-pigs,  and  we  must  content  ourselves  with 
the  smaller  doses,  even  though  the  protection  does  not  last  as 
long  as  we  would  wish. 

We  have  now  to  decide  upon  what  is  the  best  thing  to  do, 
knowing  that  we  cannot  count  upon  producing  an  immunity 
of  long  duration  by  the  use  of  a  single  prophylactic  dose  of 
tetanus  antitoxin.  There  are  two  ways  of  defiling  with  this 
question.  On  the  one  hand,  we  might,  after  giving  the  pro- 
phylactic dose,  simply  keep  very  careful  watch  for  the  first 
signs  of  incipient  tetanus  and  then  at  once  treat  the  case 
energetically.  We  have  not  noticed  in  the  literature  any 
suggestion  that  this  course  should  be  followed,  though  it  is 
possible  that  as  our  knowledge  of  the  disease  and  its  early 
symptoms  increases,  it  may  turn  out  to  be  after  all  the  best 
practice.  On  the  other  hand,  vve  may  repeat  the  protective 
dose  with  the  object  of  keeping  up  the  immunity.  There  is 
in  favour  of  this  latter  view  a  large  volume  of  opinion, 
mu(;h  of  it  recent  and  based  on  experience  gained  since  the 
war  began. 

Park  and  Williams  (1914,  p.  331)  say  that  where  tetanus 
infection  is  suspected  the  antitoxic  serum  should  be  given 
a  second,  or  even  third,  time  at  intervals  of  seven  days. 
V.  Behring  (1914)  considers  that  if  the  infection  of  the 
wound  continues  the  prophylactic  dose  should  be  repeated 
and  antitoxin  might  also  be  injected  locally. 

Teutschliinder  (1915)  goes  so  far  as  to  recommend  that  as 
long  as  there  may  be  tetanus  bacilli  in  the  body,  then  if 
thorough  surgical  treatment  with  removal  of  all  foreign 
bodies-  including  their  capsules  when  encapsulated — cannot 
be  carried  out,  a  curative  dose  of  serum  should  be  given 
whenever  the  temperature  rises  or  there  is  any  suspicious 
change  in  the  condition. 

Bazy  (1916)  is  in  favour  of  repeating  the  injections  every 
eight  days  for  a  month.  Among  others  who  express  opinions 
similar  to  the  above  mav  be  mentioned  Dubs  (1915),  Witzel 
(1915),  Fraenkel  (1915),  Aschotf  (1915),  H.  E.  Kobeitson 
(1916),  Kiimmell  (1916).  Berard  and  Lumiere  (1916),  Montais 
(1916),  and  Capitan  (1916). 

I^inally,  we  may  quote  from  a  communication  made  by 
M.  Vaillard  to  the  Academy  of  Me  licine,  Paris,  on  Sept.  5th, 
1916,  in  which  he  says  :— 

"  le  Sous-Secretaire  d'Etat  an    Service  de  Sante  a 

bien  voulu    me    confier,    de    concert   avec    notre   collogue 
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M.  Roux,  rcxanicn  dcH  observations  rec-ucillicK,  pour  en 
(l('(luiro  Ics  oiisei^'iieinents  (prelleH  c()in])ortent  Hur  la  pre- 
vention (In  trtanos.  Tjoh  coiiHidf'ratioiis  pr(''Scnt('eH  ;i  la  suite 
de  cot  oxamen  lui  ont  inapiri-  uuc  inKtruction  en  date  lOJuin, 
1916  ;  j'ai  cm  devoir  lea  communi(|ucr  h  I'Acadomie." 


He  mentions  that  the  passive  immunity  conferred  by  a 
dose  of  antitoxin  lasts  only  about  8  12  days,  and  that  if 
toxin  is  still  bein^  produced  in  the  body  after  this  lapse  of 
time  there  will  be  no  antitoxin  present  to  neutralise  it,  and 
then  : — 

"  Si  au  contraire  la  provision  d'antitoxine  est  renouvel^e 
en  temps  opportuu,  la  preservation  sera  prorof^ce  pour  nn 
nouveau  laps  de  temps  apres  chaqne  nouvelle  injection.  De 
la,  pour  certaines  blessures  particulierement  dangereuses, 
I'absolue  n^cessito  de  ne  pas  confier  I'immunisation  a  une 
seule  injection  ))reventive,  et  de  reiterer  ces  injections  tant 
que  persiste  la  menace  du  foyer  infectc  d'oii  peut  sortir 
le  t^tanos." 


He  then  goes  on  to  speak  of  late  tetanus,  and  con- 
cludes :  — 

"  De  ces  considerations  on  est  conduit  a  d^duire  que  les 
rHnjections  methodiques  de  serum  antitoxique  fourniront  un 
des  moyens  de  mieux  assurer  la  prevention  du  tetanos  con- 
secutif  aux  blessures  recentes  et  d'etendre  le  meme  benefice 
aux  periodes  plus  ou  moins  eloignees  de  revolution  des 
plaies.  II  serait  regrettable  que  la  crainte  de  I'anaphylaxie 
dont  la  survenance  a  ete  exageree  surtout  a  la  suite  des 
injections  sous-cutanees  detournat  les  chirurgiens  d'une 
pratique  judicieuse  qui  a  fait  ses  preuves." 


This  question  of  anaphylaxis  was  brought  prominently 
forward  by  M.  de  Massary  before  the  Societe  Medicale  des 
Hopitaux  de  Paris  in  October,  1915,  when  he  referred  to  the 
case  of  a  soldier  who  was  wounded  and  received  an  injec- 
tion of  serum.  Wounded  again  a  month  later,  he  told  the 
surgeon  of  the  previous  injection.  Owing  apparently  to 
fear  of  anaphylaxis  a  second  dose  of  antitoxin  was  not 
given.  Five  days  later  tetanus  supervened  and  ended 
fatally. 

The  discussion  which  followed  this  communication  ended 
in  the  appointment  of  a  committee  to  inquire  into  the 
question  of  the  effect  of  reinjections  of  serum.  The  com- 
mittee was  composed  of  MM.  Achard,  Aviragnat,  Barbier, 
Chantemesse,  Marfan,  Netter,  Siredey,  and  Louis  Martin, 
who,  after  very  careful  consideration  of  the  subject,  drew  up 
a  report  which  was  published  in  the  Bull.  Societe  Med.  des 
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llopU'iux  lie  Paris,  Nov.  19th,  1915,  p.  1076,  and  which  may 
be  summarised  as  follows:  — 

They  define  a  "  reiujection  "  of  serum  as  any  injection 
which  is  made  not  earlier  than  15  days  after  the  previous 
injection. 

Intravenous  reinjections,  they  consider,  should  not  be  used 
as  a  routine  measure,  but  be  limited  to  cases  of  plat^ue  and 
f^rave  tetanus,  and  above  everything  tlie  injection  should  be 
made  very  slowly  so  that  it  can  be  stopped  if  necessary 
before  much  has  been  j^iven. 

Of  intnisinntil  rcinjivtiDiis  they  say  that  it  is  impossible 
to  give  indications  or  contraindications,  for  it  is  a  surprising 
fact  tbat  in  the  same  patient  these  injections  are  some- 
times well  borne  and  sometimes  give  rise  to  anxiety.  The 
serum  should  be  run  in  very,  very  slowly,  and  the  needle  left 
in  fiitti  for  a  time  so  that,  should  any  disquieting  symptoms 
occur,  as  much  tluid  as  is  necessary  may  be  allowed  to 
flow  out  again.  When  all  fear  of  trouble  is  over  the  needle 
may  be  removed. 

Suhcutdneoita  reinjections  are  rarely  followed  by  grave  sym- 
ptoms, and  the  risk  of  their  occurrence  cannot  be  compared 
with  the  risks  run  by  the  patient  if  a  reinjection  is  not 
made.  When  there  is  urgent  need  for  it  tlie  reinjection 
of  serum  should  never  be  omitted  owing  to  the  fear  of 
anaphylactic  trouble. 

Reinjections  should  not  be  given  after  a  meal  during  the 
period  of  digestion,  and  should  be  given  where  the  cellular 
tissue  is  verv  lax.  They  should  be  given  slowly  and  stopped 
at  the  first  sign  of  trouble.  One  should  be  doubly  careful  in 
the  case  of  tuberculous  subjects,  asthmatics,  those  subject  to 
urticaria,  hay  fever,  or  who  are  affected  by  various  scents 
(e.g.,  smell  c^f  horses),  or  where  there  is  any  susi)icion  of 
purpura.  In  such  conditions  one  should  proceed  very  slowly 
with  the  first  portions  of  the  injection,  one  should  stop  at 
the  slightest  sign  of  anaphylaxis,  and  then,  if  all  is  well,  begin 
again  an  hour  or  so  later. 

The  final  cpnclusion  of  the  committee  is  that : — "Ou  ne 
pent,  dans  aucun  cas,  reprocher  a  un  medecin  d'avoir 
pratique  une  reinjection  de  serum  dans  un  but  prophylac- 
tique  ou  therapeutique." 
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CONCEKNING  TlIK  PATHOI.OGY  AND  ETIOLOGY 

OF  THE  INFECTIOUS  JAUNDICE  COiMMON 

AT  THE  DARDANELLES,  1915. 

BY 

LiEUT.-CoLONEL  C.  J.  MAETIN,  F.H.S.,  A.A.M.C, 

Pathologist  to  No.  3  Australian  General 
Hospital,  Lemnos. 


During  the  autumn  of  1915  troops  at  Gallipoli,  and  to  a 
lesser  extent  in  Egypt,  sulieied  from  a  nearly  non- fatal 
form  of  infectious  jaundice,  usually  without  complete 
obstruction  to  the  eutry  of  bile  into  the  intestine,  and  not 
associated  with  any  tendency  to  haemorrhages.  It  appeared 
to  be  markedly  infectious  ;  some  units  had  25  per  cent,  of 
their  strength  affected,  and  many  cases  occurred  amongst 
patients  in  hospital  for  other  complaints. 

The  first  case  occurred  in  the  French  lines  about 
August  10th  ;  during  September  the  epidemic  spread 
slowly  until  the  end  of  that  month,  when  it  rapidly 
extended,  reaching  its  maximum  in  October.  During 
November  it  rapidly  declined,  and  was  practically  over  by 
the  end  of  the  year. 

The  following  is  an  account  of  a  case  of  moderate 
severity.  All  variations  between  this  and  mild  jaundice 
without  any  obvious  signs  of  illness  were  common. 

The  onset  is  characterized  by  lassitude,  loss  of  appetite, 
headache,  and  often  suffusion  of  conjunctivae.  It  is 
ushered  in  with  a  brief  period  of  pyrexia,  temperature 
101-102",  and  generally  some  pain  in  the  upper  abdomen. 
The  liver  becomes  slightly  enlarged,  can  be  felt  below  the 
ribs,  and  is  tender  to  the  touch.  The  spleen  is  sometimes 
enlarged,  but  not  tender. 

Although  the  temperature  may  have  returned  to  normal, 
these  symptoms  continue  for  three  to  live  days,  when 
jaundice  occurs  and  lasts  one  to  two  weeks,  or  longer. 
The  urine  is  bile-stained  and  the  pulse  often  slow  whilst 
jaundice  is  present. 

[91/17] 


By  tiie  time  tljat  jaundice  is  develojHid  the  putientH 
«;eiieiaiiy  feel  better,  but  weaknehH  contiuueu,  with  rapid 
pultie  au(.l  breath lesrtuess  on  tin;  lea^st  exertion. 

Seven  to  ten  days  after  the  onset  of  the  diweaKe  a  diHtiuet 
increase  in  the  area  of  cardiac  dullness  may  be  made  out. 
Slight  albuminuria  is  not  uncomniou. 

Convalescence  is  slow  and  the  patient  is  not  j^oijd  for 
much  for  a  Uionth  or  lon«^er. 

According  to  the  accounts  of  the  disease  published  by 
Sarrailhe  and  Clunet  (1916),  Willcox  (1916),  and  by  ilurst 
(1916),  the  ^all  bladder  is  often,  or  generally,  palpable  and 
tender.  Specific  eularj^ement  of  the  t>all  bladder  was  not 
iliscoverable  in  the  cases  1  saw,  nor  was  this  the  case  in 
the  experience  of  my  colleagues.  Sarrailhe  and  Clunet 
also  record  two  eases  of  "  ictere  grave  "  which  developed 
in  forty-eight  hours  with  high  temperature,  speedy  col- 
lapse, purpura,  haenjorrhages,  and  death.  They  do  not 
mention  the  existence  of  nephritis  in  these. 

In  opening  the  discussion  on  cases  of  jaundice  at 
Alexandria  in  November,  1915,  Professor  Kartulis  gave  a 
brief  survey  of  tlie  varieties  met  with  in  Egyi)t  and  the 
Levant.  He  described  two  types  of  epidemic  jaundice  as 
not  uncommon.  The  first  is  a  severe  disease  of  sudden 
onset  with  rigor,  high  temperature,  intense  heatlache, 
vomiting,  and  prostration.  The  liver  becomes  enlarged 
and  tender,  and  the  urine  contains  albumin  and  casts. 
On  the  fourth  or  fifth  day  jaundice  appears.  Epistaxis, 
haematuria,  and  petechial  haemorrhages  are  characteristic 
features.  The  urine  diminishes  in  amount  and  the  patient 
becouies  unconscious  or  delirious.  Death  occurs  in  30  per 
cent,  or  upwards  of  the  cases  from  uraemia,  haemorrhages, 
or  secondary  infections.      Convalescence  is  very  prolonged. 

The  milder  type  described  by  Professor  Kartulis 
resembles  the  disease  encountered  at  Gallipoli  as  described 
above,  but  in  the  Egyptian  cases  ne[)hritis,  epistaxis, 
and  petechial  haemorrhages  would  appear  to  be  usual 
symptoms. 

Professor  Kartulis  had  by  means  of  various  microscopical 
and  bacteriological  methods  searched  for  the  pathogenic 
agent  in  both  classes  of  infectious  jaundice,  but  hitherto 
in  vain.  He  suggests  that  it  must  be  invisible,  like  that  of 
yellow  fever. 

The  severe  form  resembles  very  closely  the  infectious 
jaundice  prevalent  in  certain  coal  mines  in  Japan  which, 
towards  the  end  ot  1914,  was  shown  by  Inada,  Ido,  Hoki, 
Kaneko,  and  Ito  (1916)  to  be  caused  by  a  spirochaete. 
They  accordingly  named  the  microbe  Sjfirochdeta  ictero- 
liaetnorrJiagiae,  and  the  disease  spirochaetosis  ictero- 
haemorrhagica.  Later  Ido,  Hoki,  Ito,  and  Wani  (1916) 
found  the  spirochaete  in  39  per  cent,  of  the  rats  in  the 
mines,  and  they  suggest  that  the  miners  became  infected 
from  these  rodents. 

Spirochaetosis  icterohaemorrhagica  has  been  also  de- 
scribed by  Hiibener  and  Keiter  (^1916),  Gwyn    and  Ower 

*  This  was  first  pointed  out  by  Lieutenant-Colonel  Willcox. 


(1916),    Siokos  1111(1    Uylo    (1916),    and    Al.iiLiii   aiul    I'ottit 
(1916),  UN   occurriiif^  in   tlio  (iiirinaii,    lifitish,  and    French 

In  t\)c  s|)ii()c.ha('tal  di.s(>aso,  in  addition  to  iKjpatitis  and 
jannditu!,  liatMiiorrhaj^os  and  an  acntc  nc[)hritiH  occur.  It 
lias  a  nioi'Lality  of  20  to  30  pin-  ccmt.,  and  is  apparently 
ilopondont  upon  man's  association  with  I'ats  for  its  propa- 
i^ation.  As  lUiscribcd  ahovc,  tho  Oallipoli  disease  was 
luuch  mildor,  was  apparently  more  infections,  and  there 
was  no  rtiason  to  sni)[)ose  that  rats  contributcnl  to  its  (lis- 
soiuination.  Nevertheless  certain  strikin*^  analogies  occur, 
and  the  milder  types  of  cases  described  by  Kartulis  show 
many  cliaract(!rs  intermediate  between  our  comparatively 
miUl  disease  and  spirochaetosis  icterohaemorrha<^ica. 

Skarch  i'ou  thk  Causk  of  the   Disease. 

At  Leninos  iu  the  autumn  of  1915  1  was  not  in  a  position 
to  make  animal  experiments.  I  hunted  for  parasites  in 
the  blood  of  early  cases,  usin<^  dark-<^round  illumination 
with  fresh  films  and  also  pre[)arations  stained  with 
Giemsa's  stain,  but  without  success.  1  also  made  blood 
cultures  iu  eighteen  cases,  but  the  only  positive  result 
was  that  I  once  isolated  B.  iyphoHiis.  This  patient  sub- 
sequently went  through  an  ordinary  attack  of  typhoid 
fever. 

Tlie  experience  of  Captain  (Campbell  (1916)  at  Cape 
Helles  was  similar.  He  made  sixty-four  blood  cultures  in 
non-febrile  cases  of  jaundice  and  obtained  negative  results. 
On  the  other  hand,  from  nine  blood  cultures  of  cases 
running  a  continuous  temperature  he  recovered  para- 
typhoid bacilli.  In  five  instances  the  organism  was 
B.  pardti/pJiosiis  B. 

Sarrailhe  and  Clunet  had,  I  understood,  found  an 
organism  resembling  B.  2^<^f(^iyP^i^osus  in  the  blood  in 
a  number  of  cases  of  jaundice  at  Cape  Helles,  and  were 
of  opinion  that  the  jaundice  was  merely  a  manifesta- 
tion of  paratyphoid  fever.  I  therefore  tested  the  serums 
of  37  cases  two  or  three  weeks  subsequent  to  the  onset 
of  an  attack  of  jaundice.  Fifteen  of  the  cases  had  had 
continuous  fever  for  some  time.  Out  of  the  15  the 
serums  of  7  agglutinated  B.  paratyphosus  A  and  2 
B.  paratyphosus  B.  The  serums  of  the  remaining  22 
cases  which  had  had  no  continuous  fever  gave  no 
agglutination  with  either  of  the  paratyphoid  bacilli  in 
a  dilution  of  1  in  50. 

As  both  jaundice  and  paratyphoid  fevers,  especially 
paratyphoid  A,  were  very  comnion  at  the  Dardanelles 
during  October  and  November,  1915,  it  is  not  unreasonable 
to  suppose  that  in  some  instances  the  two  diseases  were 
superimposed.  As  previously  mentioned,  a  number  of 
patients  contracted  jaundice  in  the  hospital.  In  some 
cases  the  jaundice  may  have  supervened  as  a  complication 
of  paratyphoid,  cholecystitis  being  a  not  uncommon 
sequela  of    this  disease.     Jaundice,  however,  is  rare. 

Another  line  of  inquiry  was  undertaken  at  Major  Hurst's 
suggestion,    and    with    his   help.      Having    with    him    an 


Eiuliorn'H  evacaatoi*,  Major  Hiirnt  perfiuaded  patients  to 
HWallovv  it,  aud,  wlien  it  liad  [ja.ssod  on  into  the  diKxleuuni, 
aspirated  a  few  cubic  ceutiiuetres  of  the  duodenal  contttutn, 
which  were  submitted  to  bacteriological  examination  forth- 
with. Duodenal  samples  from  8  cases  of  jaundice  and 
from  4  normal  individuals,  inchidiuM  Major  Hurst  and 
myself,  were  examined ;  0.02  c.cm.  of  the  material  was 
plated  out  upon  MacConkey's  bile  salt  a^ar,  and  also  upon 
ordinary  nutrient  a^ar.  Specimens  of  tlie  different  types 
of  colonies  were  picked  off,  sown  upon  agar  slopes,  and 
subsequently  investigated.  The  investigation  of  the  cul- 
tures was  carried  out  by  my  colleague.  Sister  F.  S. 
Williams,  for  which,  and  for  much  other  hel[)  with  the 
observations  in  this  inquiry,  I  am  deeply  grateful.  The 
results  were  as  follows  : 

Three  of  the  plates  were  sterile— two  jaundice  and  one 

control. 
Nine  of  the  plates  grew  orj^auisms  varying  from  10  to  300 

per  plate. 
Five  types  of  bacilli  were  isolated. 
Four  types  of  cocci  were  isolated. 

Only  one  type  of  microbe  was  universally  present,  and 
accounted  for  the  great  majority  of  the  colonies.  This 
was  a  small,  uon  motile.  Gram-negative  bacillus,  which 
fermented  no  sugar,  and  did  not  form  indol.  This  bacillus 
was  present  in  all  six  of  the  plates  from  jaundice  cases 
which  grew  anything  at  all,  aud  three  of  the  controls.  It 
is  apparently  a  non-motile  member  of  the  faecalis  aicali- 
genes  group  common  in  the  upper  part  of  the  alimentary 
canal.  On  first  culture  some  of  these  colonies  were  much 
denser  than  others,  but  on  subculture  this  difference 
tended  to  disappear. 

The  remaining  types  of  bacilli  were  also  all  Gram- 
negative.  Their  characteristics  are  given  below.  Two 
of  these  types  occurred  in  Case  v,  one  in  Case  ii,  and  one 
iu  Case  viii. 

Types  of  Microbe  Cultivated  from  Duodenum. 
Bacilli. 
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Cocci. 
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The  only  organism  showing  any  general  association  with 
jaundice  was  the  bacillus  of  the  faecalis  alcaligenes  group 
and  that  was  equally  abundant  in  the  controls.  The  other 
microbes  were  distributed  haphazard,  so  that  the  results 
lend  no  support  to  the  view  that  the  jaundice  is  due  to  a 
microbial  infection  of  the  duodenum  extending  up  the  bile 
ducts. 

Morbid  Anatomy. 

As  mentioned  above,  jaundice  at  Gallipoli  was  rarely 
fatal.  Three  cases  died  in  No.  3  Australian  General  Hos 
pitai,  in  whom  jaundice  was  still  present  at  the  time  of 
death.  In  two  of  these  the  cause  of  death  was  cardiac 
syncope  occurring  some  weeks  after  the  onset  of  the  ill- 
ness, in  the  other  jaundice  supervened  during  an  attack  of 
paratyphoid  B  fever.  Post-mortem  examinations  were 
made  upon  these  cases  by  my  colleague  Major  Upjohn, 
bub  as  in  two  patients  death  occurred  during  convalescence, 
and  in  the  case  of  the  third  the  jaundice  might  have  been 
a  complication  of  his  paratyphoid  fever,  one  cannot  expect 
to  derive  therefrom  much  information  as  to  the  essential 
pathology  of  the  disease. 

The  following  is  a  brief  epitome  of  the  notes  made  by 
Major  Upjohn  at  the  autopsies. 


Case  i. 

A  young  Maori  admitted  October  3rd,  1915,  with  fever,  diar- 
rhoea, abdominal  pain,  and  vomiting.  Symptoms  maintained 
until  October  10th,  1915,  when  he  became  delirious  and  violent, 
and  died  on  October  11th.  Slight  jaundice  developed  a  few  days 
before  tleath. 

Post  mortem :  Heart  and  lungs  normal ;  spleen  enlarged. 
Liver  enlarged,  yellow,  tough  ;  excess  of  fibrous  stroma.  Gall 
bladder  full  of  bile,  which  could,  however,  be  slowly  emptied 
into  the  duodenum  by  slight  pressure.  Small  intestine  in- 
jected, especially  Peyer's  patches  in  lower  portion,  no  ulcera- 
tion. Brain  normal.  i^.^Jarafj/jj/iosas  B  was  recovered  from  the 
spleen  and  gall  bladder. 


Cahh.  11. 

Fte.  C,  a|,'eii  41,  admitted  October  25tli,  1915,  with  nli^iit  rJHe 
of  teuii)et'ature,  pain  and  teiideruesti  over  liver,  jaundice,  aiiil 
great  lassitude.  On  November  7tli  iie  wab  convalescing  «lowly, 
Btiil  weak  and  breatbless.  On  November  2lHt  be  died  Huddeuly 
tluring  sliglit  exertit)n. 

Post  inortfii :  Mildly  jaundiced.  Heart  dilated,  tlal>by,  muscle 
light  in  colour.  Liver  usual  size  and  consistency  ;  olive  brown 
m  colour,  gall  bladiler  empty.  Spleen  normal  size  and  appear- 
ance.    Intestines  noriual.     Spleen  anil  L>ile  sterile. 

C.\SE  III. 

Pte.  McP.,  aged  35,  suffered  from  jaundice  some  weeks  pre- 
viously. Admitted  from  a  convalescent  ilt'[)6t,  where  he  liad 
been  taken  suildeidy  ill  with  rapid  pulse  and  breathlessness, 
and  pain  in  riglit  hypochondriura.  lie  dieil  four  hours  after 
admission. 

Pout  inortein:  Heart  dilated  and  ilabby,  muscle  [)ale.  Liver 
large,  greenish,  friable  ;  gall  blaiUler  contained  a  small  amount 
of  bile.  Spleen  enlargeil,  soft.  Kidneys  pale,  enlarged,  and 
friable.     Bile  and  spleen  sterile. 

Morbid  Histology  of  the  Liver. 

The  histological  changes  iu  the  liver  of  both  the  cases 
which  died  some  weeks  after  the  onset  of  the  jaundice 
attack  were  similar.  Sections  stained  with  logwood  and 
viewed  with  the  naked  eye  or  a  hand  lens  presented 
a  marbled  appearance,  the  outer  portion  of  the  lobules 
being  stained,  the  inner  colourless.  Small  deeply-staining 
areas  where  compensatt)ry  hypertrophy  of  liver  tissue  liatl 
occurred  were  scattereil  throughout  the  sections. 

In  each  portal  area  there  was  small  celled  intiltration, 
with  young  tibrous  tissue,  and  large  cells  full  of  pigment 
granules.  The  epithelium  cells  of  the  small  bile  ducts 
were  proliferated,  and  many  of  the  ducts  appeared  not 
to  be  patent.  Deposits  of  the  same  pigment  granules 
existetl  between  the  cells. 

The  outer  half  of  the  liver  cells  of  the  lobule  appeared 
normal,  but  the  inner  half  were  more  or  less  damaged. 
The  cells  adjacent  to  the  intralobular  veins  were  necrosed 
and  indistinguishable  as  liver  cells  ;  more  peripherally  they 
were  vacuolated.  They  did  not  contain  fat.  Amongst 
the  degenerated  cells  were  a  number  containing  pigment 
granules.  The  distribution  of  this  pathological  change 
was  not  uniform,  some  groups  of  lobules  being  more 
severely  affected  than  others.  There  was  no  dilatation 
of  the  blood  capillaries.     No  bacteria  were  seen. 

Small  portions  of  the  liver  of  both  patients  were  treated 
by  Levaditi's  silver  method  for  demonstrating  spirochaetes. 
In  neither  case  was  there  any  suggestion  of  their  presence. 

The  "ist  of  the  above  results  was  communicated  at  the 
discussion  on  jaundice  at  the  Anzac  Medical  Association, 
Cairo,  on  February  6th,  1916.  At  that  time  it  did  not 
seem  worth  while  putting  them  on  record,  as  I  expected 
to  encounter  the  disease  again  in  Egypt  the  next  autumn, 
and  to  be  able  to  carry  out  experiments  on  animals.  The 
disease    did    not,    however,    reappear    among     troops    in 


epidemic  t'onii  during  1916,  ko  tliat  \  had  no  chanco  of 
roinplctinj^  the  in(|uiiy. 

^ly  ohjcc't  in  roeoichiif^  them  at  this  juiieturo  ih  two  told. 
b'iiHt,  the  int'oiinatioii  may  direct  lutiuo  invcHtij^atorH 
alon<^  more  fruitful  hues  of  inquiry;  and  Hecondly,  becauHO 
in  th(>  meantime  (^onc'luHions  re^anhn^'  the;  etiology  and 
pathology  of  th(>  (hsease  hav(;  beciu  [)ul)hsh(Ml  wliich  seem 
to  he  op(Mi  to  (piestion. 

MM.  Sarraillic  and  Chin(>t  (1916),  the  })atliologiKtH  to  the 
French  force  at  Capo  Holies,  conclude  that  the  epidemic 
jaundico  at  Gallipoli  was  merely  a  manifoHtation  of  para- 
typhoid A  fever.  Those  <];entlemen  were  in  the  hahit  of 
miikin<^  hlood  cultur(!S  of  suspected  cases  of  enteric,  and 
up  to  the  end  of  Auj^ust  thoy  recovered  only  B.  para- 
lijphosiis  B  anil  B.  tiiphosiLs.  At  this  time  they  noticed  a 
clinical  modification  of  the  (enterica)  epidemic.  Cases  of 
gastric  deran«»ement  with  fever  became  less  numerous  and 
less  severe,  many  w(!re  acconipanied  by  "  extension  to  the 
biliary  passa<j;es,"  and  numerous  cases  of  jaundice  occurred. 
Coincident  with  this  modification  in  clinical  type  the 
nature  of  the  microbes  isolated  by  blood  culture  changed. 
The  organisms  they  now  recovered  corresponded  in  general 
characters  to  paratyphoid  bacilli,  but  would  not  agglutinate 
with  either  their  paratyphoid  A  or  paratyphoid  J3  scrums 
from  the  Pasteur  Institute.  They  provisionally  regarded  it 
as  a  new  type,  B.jiaralyphosus  "  D  "  (=  Dardanelles).  They 
state  that  from  nearly  all  their  cases  of  jaundice,  and  from 
those  of  "  gastric  derangement  with  fever "  during  the 
jaundice  epidemic  they  found  no  longer  B.  iyphosus  and 
B.  jyciratyphosus  B,  but  this  atypical  variety. 

In  a  later  paper  (1916)  the  authors  report  the  result  of 
the  examination  of  ninety- four  of  the  aberrant  strains  at 
the  Pasteur  Institute.  Eighty-four  strains  were  declared 
to  be  B.  paratijpliosiLs  A,  six  B,  p)aratijplios'iis  B,  and  four 
B.  typliosus.  However.  MM.  Sarrailhe  and  Clunet  see 
no  reason  to  modify  their  opinion  that  "  camp  jaundice 
is  merely  a  hepatic  manifestation  of  the  paratyphoid 
epidemic." 

The  main  epidemiological  features  described  by  MM. 
Sarrailhe  and  Clunet  as  occurring  in  the  French  lines  were 
repeated  at  Lemnos,  but  the  same  close  relationship 
between  jaundice  and  paratyphoid  A  was  not  observed 
either  clinically  or  in  the  bacteriological  laboratories. 

Captain  Archibald  and  his  colleagues  (1916)  at  Mudros 
East  found  that  in  September  and  October  the  incidence 
of  paratyphoid  B  steadily  rose  and  was  the  prevailing 
type,  but  about  the  middle  of  November  the  number  of 
cases  of  paratyphoid  A  shot  up,  while  that  of  paratyphoid  B 
rapidly  fell,  the  typhoid  cases,  as  before,  remaining  low. 
Our  experience  at  No.  3  Australian  General  Hospital  at 
Mudros  West  indicates  a  more  gradual  and  later  change 
of  type.  During  October,  November,  and  December  the 
number  of  bacteriologically  diagnosed  cases  of  para- 
typhoid A  was  83,  76,  and  45 ;  of  paratyphoid  B  34,  40,  and 
18  respectively,  but  after  the  third  week  in  December 
only  paratyphoid  A  was  met   with.      Jaundice    was  first 
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observed  in  September.  Id  (Jctober  lim  iiuiuber  of  caHes 
ucimittetl  rapidly  iucreaned.  l)iiriu^  tiio  later  weekw  of 
October  aucl  early  weeka  of  November  it  waH  extrtiiuely 
comiuuii  amoiijLjst  troops  aud  hospital  persouiiel  statujiied 
at  Mudros,  and  uumbera  of  patieuts  coutracted  tlie  disease 
in  the  hospital. 

Juti'jed  by  admissious  to  No.  3  Australian  General  Hos- 
pital, the  epidemic  of  paratyphoid  A  was  in  full  swinj^ 
when  jaundice  appeared.  Some  patients  sufferinj^  from 
the  former  undoubtedly  had  jaundice,  but  tlie  same  was 
the  case  with  patients  sutferint^  from  typhoid,  para- 
typhoid 1>,  and  dysentery,  and  the  impression  made  upon 
us  was  that  we  were  in  the  [)resence  of  two  widespread 
epidemics,  one  of  wliich  was  occasionally  superimposed 
upon  the  otlier.  The  same  conclusion  was  arrived  at  by 
Lieutenant  Campbell  (1916)  from  his  experience  at  Cape 
Helles. 

The  experience  of  MM.  Sarrailhe  and  Cluuet  was 
evidently  different  from  ours,  and  it  is  difficult  to  dis{)rove 
their  contention.  I  can  only  point  out  that  the  prevalent 
type  of  jaundice  at  No.  3  Australian  Gene'ral  Hospital, 
which  is  described  at  the  commencement  of  this  paper, 
was  not  accompanied  by  a  continuous  fever,  and  that 
paraty[)hoid  bacilli  were  not  recovered  from  such  cases, 
nor  did  their  serums  a«^i^lutinate  B.  parati/phosus  A  or  B, 
although  the  strains  of  both  of  these  organisms  which  we 
employed  were  readily  clumped  by  the  serums  of  i)atients 
suffering  from  these  diseases.  Instances  such  as  they 
record  did  occur,  but  can,  I  submit,  be  more  reasonably 
interpreted  as  double  infections.  Paratyphoid  fever  lias 
been  abundantly  studied  in  different  parts  of  the  world 
since  its  first  differentiation  by  Achard  and  Bensaude  in 
1896,  but  jaundice  is  surely  a  rare  symptom,  for  I  cannot 
discover  a  single  recorded  instance  of  its  occurrence  in  the 
literature. 

Another  account  of  the  disease  given  by  Major  Hurst 
(1916)  seems  to  me  to  accept  too  readily  one  possible  view 
of  its  pathology.  According  to  this  observer  the  jaundice 
is  caused  by  an  extension  of  a  catarrhal  process  from  the 
duodenum,  antl  the  enlargement  of  the  liver  •'  must  be  due 
to  a  general  infection  secondary  to  that  of  the  alimentary 
canal."  I  am  not  clear  exactly  what  Major  Hurst  had  in 
mind  in  framing  the  first  part  of  the  sentence,  but  the 
latter  portion  is  unmistakable.  However,  Major  Hurst  is 
evidently  not  entirely  satisfted  vvith  this  view,  for  on 
p.  106  he  admits  that  it  is  uncertain  whether  the  primary 
infection  is  duodenal  or  through  the  blood. 

Willcox  (1916)  also  inclines  to  the  opinion  that  the 
epidemic  jaundice  of  campaigns  starts  as  a  gastro- intes- 
tinal infection,  and  that  cholangitis  follows  from  spread 
from  the  duodenum  This  view  leads  both  Willcox  and 
Hurst  to  the  conclusion  that  infection  is  conveyed  by  the 
alimentary  tract. 

it  is  with  trepidation  that  I  enter  the  arena  against 
Lieutenant-Colonel  Willcox  and  Major  Hurst  when  the 
combat  is  over  matters  largely  clinical,  but  it  seems  to  me 


nnt'oi-tiiiiatc!  that,  in  the  absc^ncc  of  doliiiito  knowlo(]<^e  of 
th(>  etiology  of  th(!  cUscaso,  thdso  j^ciitlcincn  shoiild  thus 
li«4ht  h(>aito(lly  throw  tlio  weight  of  their  authority  iu 
favour  of  ouo  poHsiblc  interpretatiou  of  its  patliolo«,'y  and 
luethotl  of  spread.  1  Hubniit  tliat  tlie  pictuie  presented  by 
the  iuf(>ctiouH  jaunchee  at  (lallipoh,  and  tli(!  morbid 
anatomy,  m(>a<;re  as  it  is,  are  more  eonsisteut  with  the 
view  that  wo  are  deaHn^  with  a  hepatitis  followinf»  a 
systemic  infection  than  with  that  of  a  catarrhal  jaundice 
from  phij4«^in«^  of  the  bile  ducts  from  extension  of  an 
iullammatory  process  from  the  duodenum. 

The  reasons  which  influence  me  iu  arrivinf^  at  this  con- 
clusion are  brieiiy : 

1.  The  illness  is  ushered  iu  by  a  febrile  attack  like 
iulluenza,  but  usually  of  shorter  duration. 

2.  .Jaundice  does  not  occur  for  some  days,  and  is  pre- 
ceded by  swelling  and  tenderness  of  the  liver. 

3.  Bile  is  rarely  completely  prevented  from  entering  the 
intestine. 

4.  The  spleen  is  often  enlarged. 

5.  Albuminuria  is  not  uncommon. 

6.  Notwithstanding  the  comparatively  slight  initial 
illness  the  existence  of  a  serious  toxaemia  is  indicated  by 
lassitude,  which  endures  for  some  weeks,  and  evidence  of 
myocardial  poisoning. 

7.  Histological  evidence  of  necrosis  of  liver  cells  and 
inflammation  around  the  portal  areas. 

Summary  and  Conclusions. 

1.  No  parasites  were  discovered  in  blood  films  taken 
during  the  disease. 

2.  Blood  cultures  were  sterile  unless  the  jaundice  super- 
vened during  an  attack  of  typhoid  or  paratyphoid. 

3.  The  observations  made  at  No.  3  Australian  General 
Hospital  at  Mudros  do  not  support  the  conclusion  of 
MM.  Sarrailhe  and  Clunet  at  Cape  Helles  that  the  jaundice 
was  merely  a  manifestation  of  paratyphoid  fever. 

4.  Bacteriological  analysis  of  duodenal  contents  removed 
from  patients  affords  no  justification  for  the  view  that  the 
jaundice  was  due  to  a  bacterial  infection  spreading  up  the 
bile  ducts. 

5.  The  livers  of  two  patients  who  succumbed  during  the 
convalescent  stage  of  jaundice  showed  microscopical 
evidence  of  hepatitis  with  necrosis  of  liver  cells. 

6.  It  is  pointed  out  that  the  infectious  jaundice  of 
Gallipoli,  although  nmch  milder,  presents  analogies  to  the 
severer  form  spirochaetosis  icterohaemorrhagica,  and  it  is 
contended  that  the  symptomatology  and  morbid  histology 
are  consistent  with  the  view  that  it  is  primarily  a  systemic 
infection. 
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THE  ])ISTKIBUTION  OF  TYPHOID  AND  PAKATYPIIOID 
INFECTION  AMONGST  ENTKKK'  FEVEKS  AT 
MLUHIOS,  OCTOBEK  TO  DECEMBEK,  PJ15. 

]Jy  Lieutenant-Colonel  C.  J.  MAUTIN,  A.A.M.C,  F.R.S. 

AND 

Major  W.  G.  D.  UPJOHN,  A.A.M.C. 

Pailwhxjists  to  No.  3  General  Hospital,  A.I.F. 

{Read  before  Anzac  Medical  Association^  Cairn,  February  20,  1916.) 

Tpie  early  records  from  France  of  the  incidence  of  enteric  fever 
upon  inoculated  and  uninoculated  British  troops  showed  no  signifi- 
cant difference.  This  was  in  contrast  with  results  previously 
obtained,  and  notably  v^ith  those  patiently  collected  over  the  years 
1905  to  1908,  by  the  War  Office  Committee  appointed  to  examine 
into  the  virtues  of  anti-typhoid  inoculation,  according  to  whose 
report  the  incidence  was  about  1  to  9  respectively.^ 

This  discrepancy  might  obviously  be  accounted  for,  if  the 
prevailing  type  of  enteric  infection  was  not  typhoid  but  paratyphoid, 
for  Kabeshima^  has  shown  that  inoculation  against  typhoid  affords 
no  protection  against  paratyphoid  A  or  B.  Accordingly,  endeavours 
were  made  towards  the  end  of  1914  to  differentiate  these  latter 
fevers  from  typhoid. 

Early  in  1915,  T)r:eyev,  Walker  and  Gibson"^  published  the  results 
of  the  examination  of  a  limited  series  of  cases  at  the  base  hospital 
at  Oxford.  They  concluded  that  no  case  of  typhoid  fever  had 
occurred  in  the  inoculated  individuals  of  their  series,  and  that,  as 
found  by  Kabeshima,  paratyphoid  fevers  had  occurred  with  equal 
frequency  among  anti-typhoid  inoculated  and  non-inoculated  indi- 
viduals. Dreyer,  Walker  and  Gibson  {loc.  cit.)  were  of  opinion  that 
the  cases  returned  as  typhoid  fever  amongst  our  troops  were  to  a 
large  extent  paratyphoidal  infections. 

A  large  portion  of  our  work  at  No.  3  Australian  General 
Hospital  at   Lemnos  consisted   in  helping  our  medical  colleagues 

'  Leishman,  Colonel  W.  B.  "  Statistical  Results  of  Anti-typhoid  Inoculation," 
Journal  of  the  Royal  Army  Medical  Coups,  xii,  p.  163.     1909. 

-  Kabeshima  T.  "  Ueber  Typhus  und  Paratyphus  Schutzinipfung,  usw.,  in  der 
kaiserlich.  Japanischen  Marine."  Ccntralblatt  fiir  Baktcriologie^  Originale 
Band  74,  p.  294.     1914. 

^  Dreyer,  G.,  Walker,  E.  W.  A.,  and  Gibson.  A.  G.  "Typhoid  and  Paratyphoid 
Infection  in  relation  to  Anti-typhoid  Inoculation."     Lancet^  February  13,  1915. 
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to  arrive  at  an  accurate  diaf»nosis  of  the  various  intestiual  diseases, 
which  bulked  so  largely  in  the  medical  practice  of  the  hospital.  To 
this  end,  in  the  case  ot  the  enteric  fevers,  we  chose  the  serolof^ical 
method  as  our  routine  procedure.  It  would  not  have  been  possible, 
with  the  material  and  assistance  at  our  disposal,  to  have  made  more 
than  one-tifth  the  number  of  observations  by  blood  culture?,  and  at 
least  half  of  these  would  have  miscarried,  as  so  many  of  the  patients 
were  past  the  first  week  of  the  disease  on  admission. 

We  were  aware  that  the  interpretation  of  agglutination  results 
would,  in  the  case  of  persons  inoculated  against  typhoid,  be  a 
matter  of  some  difficulty;  but  we  had  the  advantage  of  working 
in  close  co-operation  with  our  physicians,  who  kept  us  in  touch 
with  the  subsequent  history  of  the  patients  so  that  repeated 
observations  could  be  made  if  desirable.  We  therefore  hoped,  that 
in  the  great  majority  of  cases,  any  ambiguity  might  be  removed. 

There  is  no  one  perfect  method  for  estimating  the  distribution 
of  the  various  enteric  infections.  Conclusions  drawn  from  blood 
cultures  alone  are  not  free  from  error,  for  the  proportion  of 
successful  cultivation  is  higher  in  typhoid  than  in  paratyphoid  B 
fever. 

During  the  three  months  October  to  December,  1915,  we 
gathered  a  considerable  amount  of  data  which  we  shall  proceed  to 
deal  with,  m  view  of  its  bearing  upon  the  distribution  of  enteric 
fevers  at  Gallipoli  during  this  part  of  the  campaign. 

In  carrying  out  the  agglutinations  we  had  from  time  to  time 
valuable  help  from  Sister  Williams  and  Captains  Bahr,  Brennan 
and  Maclure.  In  scrutinizing  the  cases  whose  sera  gave  an 
agglutination  to  typhoid  only,  the  importance  of  which  scrutiny 
will  be  emphasized  below,  we  had  invaluable  help  from  Lieutenant- 
Colonel  Stawell,  Lieutenant-Colonel  de  Crespigny  and  Captain 
Ercole.     To  one  and  all  we  express  our  deep  sense  of  gratitude. 

Method  employed  in  Detail. 

The  emulsions  were,  in  the  first  instance,  made  from  strains  of 
typhoid,  paratyphoid  A  and  paratyphoid  B  bacilli  obtained  from  the 
Lister  Institute.  The  first  is  a  readily  agglutinable  strain  which 
has  been  propagated  in  the  laboratory  for  several  years.  The  two 
last  are  descendants  of  Schottmiiller's  original  strains.  Subse- 
quently we  substituted  a  locally  isolated  strain  of  B.  parafijphosus  B, 
as  the  Schottmiiller  strain  did  not  form  good  emulsions.  The 
bacilli  were  grown  for  twelve  hours  on  nutrient  agar,  emulsified  in 
saline  by  gently  agitating  the  bottles  and  diluted   so  as  to  show 
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(Ictinitc  opalescence  when  placed  in  the  tubes  used  for  the  a^^glutina- 
tions,  which  were  about  J  inch  in  diameter.  Formalin  was  added 
to  make  a  concentration  of  0"!  per  cent.  Each  brew  of  emulsion 
was  tested  a^^jainst  standard  sera  obtained  from  the  Lister  Institute, 
which  agji^lutinated  all  three  emulsions  up  to  a  dilution  of  1  in 
1(),000.  The  afTc^dutination  was  specific  in  a  dilution  of  1  in  50. 
Lower  dilutions  were  not  tried.  As  fresh  emulsions  were  made 
from  time  to  time,  they  were  tested  in  the  same  way  against  the 
corresponding  standard  serum.  No  significant  variation  in 
agglutinability  was  observed  during  the  course  of  the  observations. 
About  a  fifth  of  a  cubic  centimetre  of  blood  was  drawn  from  the 
patient  into  a  sterile  glass  pipette  and  sealed.  The  blood  serum 
was  usually  separated  from  the  clot  by  centrifuging  on  the  same 
day.  For  diluting  the  serum,  pipettes  drawn  out  in  the  flame  and 
cut  off  at  a  point  where  their  orifice  had  an  external  diameter  of 
1"12  millimetre  were  employed.  Such  a  pipette  drops  0'02  cubic 
centimetre  of  serum  if  held  vertically.  Two  drops  made  up  to 
one  cubic  centimetre  affords  a  dilution  of  1  in  25.  For  arranging 
the  series  of  dilutions  we  used  pipettes  drawn  so  as  to  leave  a  small 
bulb  intervening  between  the  two  capillary  portions  (fig.  1),  which 
latter  should  have  thick  walls. 


The  contents  of  the  pipette  is  arranged  so  as  to  equal  about  half 
the  volume  it  is  desired  to  work  with  in  the  agglutination  tubes. 
The  exact  content  is  not  material  if  the  same  pipette  is  used 
throughout  the  series  of  dilutions  and  subsequently  for  adding  the 
emulsions.  For  convenience,  however,  we  made  two  stock  sizes  of 
pipettes  which  contained  0'15  cubic  centimetre  and  0"25  cubic 
centimetre  respectively.  The  pipettes  in  each  series  were  then 
interchangeable. 

The  successive  dilutions  were  made  by  the  usual  method,  viz.  : 
Two  volumes  of  the  first  dilution  of  serum  were  placed  in  tube 
No.  1  of  the  series,  and  into  tubes  2,  3,  4,  etc.,  was  placed  one 
volume  of  water.  Thereafter,  one  volume  was  removed  from  tube 
No.  1,  emptied  into  tube  No.  2  and  mixed.  A  volume  of  this 
mixture  was  withdrawn  and  emptied  into  No.  3  and  mixed.  One 
volume  withdrawn  from  No.  3  was  emptied  into  No.  4,  mixed,  and 
so  on  until  the  last  tube  of  the  series  was  reached,  when,  after 
mixing,  the  one  volume  removed  was  discarded.     In  this  way,  each 


4  Distribution  of  Typhoid  and  Paratyphoid  Infection 

successive  tube  contained  serum  twice  as  dilute  as  the  previous 
one.  The  procedure  having  been  carried  out  in  triplicate,  to  every 
tube  in  each  series  an  equal  volume  of  emulsion  of  typhoid,  para- 
typhoid A,  or  paratyphoid  B  bacilli  respectively,  was  added  and  the 
contents  mixed.  The  tubes  were  placed  in  the  incubator  at  IH*  C. 
for  two  hours,  allowed  to  remain  on  the  bench  for  one  hour  and 
the  results  read. 

The  following  conventional  series  of  marks  was  awarded  and 
will  be  employed  in  this  communication  :  — 

Complete  agglutination  ..  ..  ..  ..  ..+  +  + 

Agglutination  visible  to  the  naked  eye  . .  . .  . .        +  + 

Agglutination  visible  with  lens  magnifying  four  diameters  . .  -f 

No  agglutination  visible  with  lens  magnifying  four  diameters  . .         — 

■  The  sera  of  350  patients  were  tested  against  B.  typhosus, 
B.  paratyphosus  A  and  B.  paratyphosus  B  in  dilutions  of  1  in  100, 
1  in  200,  1  in  400  and  1  in  800.  In  tlie  remainder  the  1  in  800 
dilution  was  omitted  to  save  labour  as  iL  was  found  that  the  results 
could,  in  most  cases,  be  equally  well  read  without  it.  After  the  first 
two  months  a  lower  dilution,  1  in  50,  was  employed  for  the  para- 
typhoid A  series,  as  we  found  that  we  were  missing  some  infections 
due  to  this  organism  by  beginning  at  1  in  100.  For  reasons  which 
will  be  entered  mto  later  these  cases  were  generally  recorded  as 
typhoid. 

TABLE  I. 

No  agglutination  (minimal  dilution  of  sera  1  m  50  or  1  in  100)                . .  163 

Agglutination  to  D.  typJiosuti              . .              . .              . .              . .              . .  138 

,,  ,,  B.  paratyphosus  k  ..  ..  ..  ..66 

,,             ,,                 ,,               &nd  B.  tiiphosus       ..              ..              ..  136 

,,  ,,  ,,    '  B.    tiipliustis   and   B.   paratypJiosiis   B 

(last  slight  or  transient)    . .              . .  9 

,,  ,,  ,,  and  B.  parati/pJiosus  B  (latter  slight  or 

transient)             . .              . .              . .  2 

,,            ,,  B.  paratyphosus  B                 ..             ..             ..             . .  19     . 

,,  ,,  ,,  ,,        siud  B.  typho.sus    ..  ..  ..88 

j^  J,  ,,  ,,         B.   typJiosus  and  B.  paratyphosus  A 

(last  slight  or  transient)                . .  5 
,,             „             ,,             ,,         a.nd  B.  paratyphosus  A  {\&ttcr  flight 

or  transient)    . .              . .              . .  1 

627 

Eesults. 

Observations  were  made  upon  the  sera  of  027  patients  and  151 
normal  persons.  As  we  were  functioning  as  the  clinical  laboratory 
of  a  large  general  hospital,  the  patients  whose  sera  we  examined 
were  not  all  enterics.     If  the  medical  officer  thought  that  a  sera- 
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logical  oxaniination  would  help  him  towards  a  diagnosis,  tho  blood 
was  sent  to  tho  laboratoi-y.     The  027  patients  consequently  included 
a  number  who  were  suffering  from  other  febrile  diseases. 
In  Table  I  below  are  set  forth  the  gross  results. 

The  Interpretation  of  Agglutination  Findings  in  Patients, 
PREVIOUSLY  Inoculated  against  Typhoid  Fever. 

(1)  Agglutination  of  B.  typhosus. — Dealing,  as  we  were,  with  a 
population  almost  entirely  inoculated  against  typhoid  within 
fourteen  months,  it  is  not  surprising  that  376  out  of  the  627  should 
show  an  agglutination  to  B.  typhosus  in  a  dilution  of  1  in  100  or 
upwards. 

Before  we  are  able  to  draw  any  conclusions  from  our  results, 
it  is  first  of  all  necessary  to  ascertain,  following  the  technique  used, 
the  amount  of  agglutination  which  occurs  from  inoculation  only. 
To  determine  this,  the  blood  of  members  of  the  staff  and  hospital 
orderlies,  who  had  not  been  sick,  was  examined  under  similar 
conditions  to  those  employed  in  the  case  of  patients. 

Agglutination  Titre    for   B.   typhosus  of  the    Sera   of  seventy-five   healthy 

PERSONS    inoculated  AGAINST  TyPHOID    SEVEN    TO    FOURTEEN    MONTHS    PREVIOUSLY. 


7  agglutinated 

in  a  dilution  of  1  in  800 

12 

1  in  400 

22 

,,             „             1  in  200 

16 

,,             ,,             1  in  100 

18  did  not  agglutinate     ,,  ,,  1  in  100 

That  is,  two-thirds  showed  an  agglutination  titre  of  1  in  200 
or  upwards  and  in  10  per  cent  it  was  1  in  800  or  upwards. 

In  addition  to  the  above  experiment,  the  pooled  sera  of  twenty- 
eight  men  inoculated  on  the  same  day  fourteen  months  previously, 
was  found  to  give  a  good  agglutination  at  1  in  200,  a  result  in  close 
agreement  with  the  above. 

It  follows,  therefore,  that  in  an  inoculated  person  an  agglutina- 
tion of  B.  typhosus  by  his  serum  up  to  the  limits  observed  by  us 
in  patients,  is  not  necessarily  significant  of  typhoid  infection, 
and  that  in  order  to  arrive  at  a  diagnosis  of  typhoid  fever  in  our 
cases  other  means  must  be  resorted  to. 

When  we  commenced  our  observations  we  were  under  the 
impression  that  the  progressive  development  of  typhoid  agglutinins 
during  the  course  of  illness,  reaching  sometimes  a  titre  of  1  in  1,000 
or  upwards,  might,  in  the  absence  of  any  discoverable  agglutinins  to 
B.  paratyphosus  P\.  or  B,  be  taken  as  evidence  of  typhoid  fever. 
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We  were  stren^^theuecl  in  this  belief  by  the  conclusions  arrived 
at  by  Dreyer,  Walker  and  Gibson  {loc.  cit.),  who  pointed  out,  (juite  ^ 

n^'htly,  that  a  differential  diagnosis  may  be  arrived  at  by  nieasurinj,'  « 

the  agglutination  titre  to  typhoid  and  paratyphoid  bacilli  respectively  , 

over  a  period  of  a  few  days.     This  method  is,  however,  beset  with 
pitfalls. 

Early  in  our  observations,  as  we  shall  proceed  to  show,  it 
became  apparent  that  many  sera  agglutinating  one  of  the  para- 
typhoid bacilli  simultaneously  agglutinated  typhoid  bt^cilli  to  an 
unexpected  degree.  Further,  in  a  number  of  cases  of  paratyphoid 
fever  in  which  repeated  observations  were  carried  out,  a  progressive 
development  of  typhoid  agglutinins  preceded  by  one  to  two  weeks 
the  development  o{  agglutinins  to  the  paratyphoid  bacillus.  We 
give  below  examples  illustrating  this  phenomenon  in  which  para- 
typhoid bacilli  were  isolated.  Unless  the  observations  had  been 
persisted  in,  all  of  these  would  have  been  diagnosed  as  typhoid 
fever.  We  ought  to  have  been  alert  to  this  possibility,  for  in  liUI 
Grattan  and  Harvey^  described  its  occurrence  in  paratyphoid  A 
fever  in  India.  Attention  was  also  drawn  to  it  by  Fiitfi,-'  and 
later  by  SatYord.' 


1  in  UH)  1  ii)  -J04)  I  iii  4imJ  I  in  SiMi 

No.  3720     Before  illness.  Ty    . .        -f  + 

A      .. 
B      .. 

After  1  week.  Ty    . .     +  +  +     ..      +  +  +      ..        ++       ••  - 

A       .. 
B      ..-..-..-..  - 

After  "2  weeks.  Agglutiuation     the    same.       7?.    paratuphofnni    A    was 

recovered  from  urine.  ' 

,,3      ,,  Agglutination  the  same.  * 

4  ) 

»»     ^       i>  If  i>  • 

„     5      „  Ty    ..+  +  +..+  +  +      .. 

A       ..      -f  +  +      ..      +  +  -I-      ..      -I-  +  +      ..        +-H 
H      .._..-..-..- 

J5.  paratypliosus  A  was  isolated  from  the  fivces  in  the  fourtii  weik.  '■ 


•  Grattan,  Major  H.  W..  and  Harvey,  Major  D.  "  An  Inquiry  into  a  small 
Epidemic  of  Paratyphoid  Fever  in  a  Camp  in  India,"  Journal  of  the  Royal 
Army  Mkdr-al  Corps,  1911,  vol.  xvi,  p.  9. 

-  Firth,  Colonel  R.  H.  "  Recent  facts  as  to  Enteric  Inoculation  and  the 
Incidence  of  Enteric  and  Paratyphoid  Fevers  in  India."  Journal  of  the  Royal 
Army  Medical  Corps,  191*2,  xix,  p.  157. 

^  SatTord.  Major  A.  H.  ••  Paratyphoid  Fever,  an  account  of  two  epidemics,  etc." 
Journal  of  the  Roy.\.l  Army  Medical  Corps,  1913,  xx,  p.  567. 
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I  ill  Hill 

No.  3G81     1st  week  of  illness.      Ty  . . 

A  .. 

]i  .. 

3rd  week  of  illness.      Ty  . .      +  +  + 

A  .. 

B  .. 


1  ill  iOO 


+  +  + 


1  ill  liiO 


+  + 


+  + 


1  in  800 


+ 


+ 


4th  week  of  illness.     Ty    . .     +  +  +     ..     -^  +  + 
A      ..        -f-f        ..  + 

B      .. 

B.  parati/phostis  A  was  recoverod  from  the  sputum  and  pleural  exudate  during  the 
third  week  of  illness.  The  patient  died  in  the  fourth  week  with  gangrene  of  the 
lung  and  localized  pleurisy.  ]i.  paratyphosiis  A  was  recovered  in  pure  culture  from  the 
spleen.     The  bile  was  sterile. 


1  ill  100 


1  ill  2(111 


1  ill  4011 


1  ill  ."SOU 


.3778     1st  week  of  illness. 

A       . 

.          —          . 

—  ■ 

— 

— 

2nd  week  of  illness. 

B 

Ty    . 
A      . 

+  + 

+ 

- 

- 

3rd  week  of  illness. 

B 
Ty    . 

.      +  +  +      . 

.      +  +  +      . 

+  + 

+ 

A       . 

.      +  +  +      . 

.      +  +  +      . 

.      -f +  +      . 

+ 

B      . 

— 

— 

— 

— 

B.  paraty2:)]io.'ius  A  was  recovered  from  the  fjieces  during  the  third  week. 


No.  522 


1  in  100 

1  in  -JOO 

2nd  week  of  illness. 

Ty    . 

.       +  +  +       . 

+ 

A      . 

— 

- 

B      . 

. 

- 

3rd  week  of  illness. 

Ty   . 

.       +-i-+       . 

.      +  +  + 

A      . 

— 

— 

B      . 

- 

. 

5th  week  of  illness. 

Ty    . 

.       +  +  +       . 

.      +  +  + 

A      . 

— 

— 

B      . 

.       +  +  +       . 

.      +  +  + 

1  in4(Mj 


+  -\- 


+  + 


+  +  + 


1  in  SOO 


+ 


+ 


+  +  + 


The  patient  died  in  the  sixth  week  of  illness.  A  pure  culture  of  B.  paratyphosun  B 
was  isolated  from  the  spleen  and  bile.  The  heart  blood  taken  post  mortem  agglu- 
tinated B.  paratyphoHUS  B  in  a  dilution  of  1  in  10,000. 

In  the  instances  detailed  above,  infection  with  one  of  the  para- 
typhoid organisms  stimulated  the  production  of  typhoid  agglutuiins 
early  in  the  disease,  and  it  was  not  until  as  late  as  the  third  to  fifth 
week  that  the  titre  for  the  infecting  organism  rose  to  1  in  100. 
This  occurred  in  about  two  per  cent  of  our  cases,  all,  with  one 
exception,  paratyphoid  A  fever. 
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As  soon  as  we  became  aware  of  these  tacts  we  regarded  with 
suspicion  the  development  of  typhoid  ag^lutiinns  in  a  patient 
previously  inoculated  against  typhoid  fever,  and  he  was  only  dia- 
gnosed as  typhoid  when  B.  typhosus  was  isolated,  or,  being  clinically 
a  case  of  one  of  the  enteric  group  of  fevers,  when  no  evidence  of 
paratyphoid  infection  could  be  obtained.  Even  so,  we  have  reason 
to  believe  that  some  cases  of  infection  with  B.  paratypJiusus  A 
were  returned  as  typhoid,  for,  occasionally,  the  development  of 
agglutinins  to  this  organism  is  slight  and  transient. 

In  order  to  throw  some  further  light  upon  the  interpretation 
of  the  rise  in  typhoid  agglutinins  in  paratyphoid  infections,  we 
inoculated  healthy  persons,  some  of  whom  had  previously  received 
anti-typhoid  vaccine,  with  paratyphoid  A  and  B  bacilli.  In  about 
half  of  those  who  had  been  previously  inoculated  this  was  followed 
by  a  considerable  development  of  typhoid  agglutinins.  The 
instances  given  below  were  amongst  the  most  striking  : — 


1  ill  10(1 

1  ill  •_'()(> 

1  ill  4()U 

1  ill  SOO 

No.  1001 

Inoculated    against 

Ty     . 

_ 

— 

— 

_ 

typhoid  six  months 

A       . 

— 

— 

— 

— 

previously 

B      . 

- 

- 

- 

- 

Kloven    days    after 

Ty     . 

-       +  +  +       . 

.       +  +  +       . 

.       +-f  +       . 

+  + 

injection     of     200 

A       . 

.       +  +  +        . 

.       +  +  +       . 

.       +-f  +       . 

.       +  +  + 

millions   B.  para- 

B      . 

.       -f +  +       . 

.       +-f  +       . 

.       +-h+       . 

•          +  + 

ti/pJiosus  A  and  "200 
millions  B  2mra- 
tijphosus  B 


typhoid  fivo  months 

A     . 









previously 

H     . 

- 

- 

. 

- 

TtMi  days  after  200 

Ty    . 

+  +  +      . 

.      +  +  +      . 

+  + 

— 

millions     each    of 

A      . 

+  +  +      . 

.      +  +  +      . 

.      +  +  + 

.      -f -f  + 

/).  2^<^i>'ttti/phosns  A 

B     . 

+  + 

- 

— 

_      / 

and  B 

Fifteen   days    after 

Ty    . 

.      +  -f  +      . 

+ 

_ 

_ 

above 

A     . 

+  +  +      . 

.      +  + +      . 

.      +  +  + 

•      +  +  + 

B     . 

+  + 

— 

— 

- 

No.  1008     Inoculuted    against 

Ty    . 

— 

_ 

_ 

_ 

typhoid       twelve 

A      . 

- 

— 

— 

- 

months  previously 

B     . 

. 

- 

- 

- 

Seven  days  after  in- 

Ty  . 

.      +  +  +      . 

.      +  +  +      . 

.      +  +  + 

..      +  +  + 

oculation   with   50. 

A     . 

•      +  +  +      . 

.      +  +  +      . 

.      +  +  + 

+  + 

millions     of     each 

B     . 

.      +  +  +      . 

+  + 

+ 

- 

B.  paratypltosus  A 

and  B 
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No.  1010     luoculated    against  Ty 

typhoid  six  months  A 

previously  J^, 

Eleven    days    after  Ty 

second   inoculation  A 

with    500    millions  B 
of    each    J>.   para- 
tjipliosus  A  and  B 

No.  1012  f  luoculated     against  Ty 

typhoid      seven  A 

months   previously  B 


No.  1013 


Fifteen  days  after 
iijoculation  with  50 
millions  B.  para- 
iyphosuH  A 

Non-inoculated. 

Ten  days  after  in- 
oculation with  200 
millions  each  of 
B.  pavatyphosus  A 
and  B 


Ty 

A 
B 


+  +  I- 
+  -f  + 
+  -f  + 


+  + 


+  +  + 
+  +  + 


+  +  + 

+  +  4- 


+  +  -f 

+  +  + 

+  + 


+  +  + 
+  +  + 

-f 


+  +  + 
+,+  + 


+  +  + 
+  +  + 


+  +  + 


No  agglutination  to  Ty.  A  or  B  in  1  in  100 
Ty     .. 

A     ..      +  +  +      ..      +  +  +  •'  ..      +  +  + 
IB     ..      -f  +  +      ..      +  +  +      ..        +  + 


+  + 


No.  1014 


No.  1015 


Non-inoculated. 

Nine  days  after  200     Ty    . . 

millions    each     of     A     . .      -f  -f  + 
•  B.  paratyphosus  A     B     . .     +  -f  + 

and  B 

Non-inoculated.  '\ 

Ten  days  after  250    Ty  '  . . 
millions    each     of     A     . .      +  -f  + 
B.  paratyphosus  A     B     . .       +  + 
andB 


+  +  + 
+  + 


+  +  + 


+  + 


+ 


+  +  +      ..      +-f  + 


Harvey  and  Wood^  found  in  the  cases  of  paratyphoid  A  fever 
which  they  studied,  that  the  agglutinins  for  both  B.  typhosus  and 
B.  pandijpJiosics  A  were  absorbed  by  an  emulsion  of  the  latter, 
whereas  an  emulsion  of  typhoid  bacilli  only  absorbed  the  homologous 
agglutinins.  According  to  this  observation,  we  are  merely  dealing 
with   an   example   of    group   agglutination.      Co-agglutinins   were 


'  Harvey  and  Wood.  Quoted  by  Firth,  Journal  of  the  Royal  Army  Medical 
Corps,  xix,  p.  163. 

In  the  same  report  from  which  the  above  excerpt  is  taken  it  is  also  stated 
that  *'  in  the  case  of  a  man  who  has  been  inoculated  against  enteric  and  whose 
serum  gave  a  positive  reaction  to  the  B.  typhosus^  absorption  with  B.  para- 
typhosufi  A  will  only  reduce  the'  agglutinin  titre  as  it  cannot  remove  the 
agglutinins  due  to  inoculation  which  are  specific  for  the  B.  typhosus.''  See 
Firth,  Journal  of  the  Royal  Army  Medical  Corps,  1911,  vol.  xvii,  p.  136. 
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certainly  produced  in  some  of  our  patients,  but  we  doubt  whether 
this  is  the  whole  explanation,  as  it  did  not  occur  when  individuals 
not  inoculated  against  typhoid  were  injected  with  a  vaccine  contain- 
ing only  B.  paratijphosiis  A  and  B.  paratijphosus  B.  We  also  tried 
to  absorb  the  agglutinins  for  typhoid  bacilli  in  two  instances,  where 
they  were  well  developed,  by  shaking  out  with  a  strong  mixed 
emulsion  of  parityphoid  A  and  B  bacilli,  but  only  succeeded  in 
reducing  them.  The  development  of  well-marked  agglutination  to 
typhoid  bacilli  weeks  before  the  specific  agglutinins  arrived,  suggest 
another  interpretation,  namely,  that  in  an  inoculated  person,  the 
mechanism  for  the  manufacture  of  agglutinins  being  already  laid 
down,  the  introduction  of  paratyphoid  organisms  stimulates  this 
mechanism  to  further  activity. 

(2)  Aijglutinatioii  of  B.  paratyphosus  A  or  B.  paratyphosus  B 
or  both  of  these  Organisms. — The  serum  of  320  cases  agglutinated 
B.  paratyphosus  A  or  B  in  dilutions  of  1  in  100  and  upwards. 
In  238  of  these,  more  or  less  agglutination  of  B.  typhosus 
was  exhibited  also.  Nevertheless,  for  reasons  entered  into  above, 
in  individuals  inoculated  against  typhoid,  these  were  returned  as 
paratyphoid  A  or  B  fevers  respectively  and,  whenever  opportunity 
oti'ered  of  confirming  this  by  isolation  of  the  infecting  organism, 
the  conclusion  was  found  to  be  justified.  With  the  dilutions  we 
employed,  in  ninety-tive  per  cent  of  the  cases  the  results  were 
unequivocal,  but  in  17  out  of  a  total  of  32(3  the  serum  agglutinated 
both  B.  paratyphosus  A  and  B.  paratyphosus  B.  The  agglutina- 
tion generally  occurred  in  considerably  higher  dilution  with  one 
than  with  the  other,  so  as  to  leave  little  doubt  as  to  the  diagnosis. 
In  a  few  cases  this  was  not  so,  and  it  was  impossible  to  say 
from  one  examination  which  was  the  infecting  organism,  and 
later  observations  at  intervals  of  about  a  week  were  made.  At  the 
same  time  efforts  were  made  to  recover  the  organism  responsible 
for  infection. 

The  following  are  examples  illustrating  how  the  diagnosis  was 
cleared  up  by  a  second  examination  of  the  blood:  — 


No.  538       6.11.15  Ty 

A 


18.]  1.15  Ty       ..        -f-i-f      ..        +  + 

A        . . 

B        ..        +  +  +      ..      ^4-f      ..      +  +  +      ..      +  +  + 
B,  paratyphosus  B  was  recovered  from  the  fceces. 


1  ill  100 

1  in  2tK) 

1  iu400 

]  ill  SCO 

+  +  +       . 

.       +-f  +       . 

.       +  +  +       . 

.       +  +  + 

+  +  +       . 

+  + 

. 

- 

+  +  +       . 

.       +  +  +       . 

.       +  +  +       . 

.       +  +  + 
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1  ill  IDU 

1  III  2'I0 

1  III  400 

1  ill  SOI) 

No. 

'\\{) 

'23.10.15 

Ty 

+ 

- 

. 

. 

A 

•f    f    i         . 

.        +   i     1         . 

.        +  +  +       . 

•        -4-  +  + 

li 

f    + 

•f + 

+ 

. 

1.11.15 

'J\n' 

+ 

— 

- 

- 

A 
B 

paratjiplK 

•• 

+  +  +        . 

.       +  +  +       . 

.        f  +  +       . 

•      +4--f 

B. 

^SllS 

A  was  recovered  post  mortem. 

No. 

548 

7.11.15 

Ty 

+  +        . 

■\- 

— 

— 

A 

+  +  +      . 

.        +  +  +        . 

.       +  +  +       . 

.      ++-f 

B 

-f +  +      . 

.       +  +  +        . 

+  -H 

+ 

16.11.15 

Ty 

+ 

— 

— 

— 

A 

+  +  +      . 

.       +  +  +       . 

.      +  +  4      . 

.      +  +  + 

15 

+ 

+ 

- 

— 

No. 

379 

16.10.15 

Ty 

+ 

— 

— 

— 

A 

+  + 

+ 

+ 

+ 

B 

+ 

+ 

+ 

+ 

15.11.15 

Ty 

— 

— 

— 

— 

A 

+  +  +      . 

.       +  +  +       . 

.      +  +  +      . 

.      +4-  + 

B 

+  + 

+ 

— 

— 

In  making  a  diagiiosi.s  we  have  regarded  the  organism  fur 
which  agglutinins  persisted,  as  responsible  for  the  infection.  In 
those  cases  in  which  we  succeeded  in  isolating  the  causal  organism 
this  view  was  justified. 

The  amount  of  co-agglutinins  present  at  an  early  stage  of  the 
illness  in  five  per  cent  of  patients  with  paratyphoid  fevers  is  note- 
worthy. Compared  with  our  standard  sera,  made  by  injecting 
rabbits  with  a  laboratory  strain  of  paratyphoid  A  or  B  bacilli,  it  is 
considerable.  It  must  be  remembered,  however,  that  the  standard 
sera  were  made  from  strains  selected  on  account  of  their  specificity, 
whereas  the  "  wild  "  strains  occurring  in  nature  are  not  always  so 
specific.  Further,  it  is  probable  that  man  is  not  as  good  an  animal 
to  use  for  the  manufacture  of  highly  specific  sera  for  this  group  of 
organisms,  resembling  the  horse  in  this  respect  rather  than  the 
rabbit. 

Analysis  of  Observations. 

We  are  now  in  a  position  to  proceed  to  the  analysis  of  our 
observations  and  see  what  indications  they  afford  as  to  the  distribu- 
tion of  different  enteric  fevers  at  Gallipoli.  The  163  instances  in 
which  the  serum  gave  no  agglutination  in  the  minimum  dilution 
used,  I  in  100,  may  be  summarily  dismissed  as  they  furnish  no 
information.  They  comprise  cases  in  which  the  serum  was  sent 
for  examination  too  early  in  the  disease  and  others  in  which  the 
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subsecjuent  clinical  history  indicated  that  the  patient  was  suffering 
from  some  disease  other  than  one  of  the  enteric  fevers.  The  total 
number  of  cases  in  which  agglutination  with  one  or  more  of  the 
bacilli  of  the  enteric  group  was  observed  was  4(34.  Of  these,  21S 
sera  agglutinated  B.  para  typhosus  A  and  are,  for  reasons  given 
above,  regarded  as  significant  of  paratyphoid  A  infection.  For 
parallel  reasons,  we  regard  113  as  infections  by  paratyphoid  B. 

The  determination  of  the  number  of  typhoid  infections  is  not  so 
simple. 

The  138  cases  in  whose  sera  only  typhoid  agglutinins  were 
discovered  were  not  necessarily  typhoid  fevers,  for  all  but  five  of 
the  patients  had  been  inoculated.  These  five  exceptions  we  place 
to  the  credit  of  typhoid  infections  on  the  agglutination  findings. 
In  seven  other  cases  we  succeeded  in  isolating  B.  typhosus  from 
the  blood  or  excreta  either  during  life  or  after  death,  leaving  i'2() 
cases  in  which  serological  observations  might  be  interpreted  either 
by  previous  inoculation  or  by  recent  infection. 

Medical  ofiicers  were  in  the  habit  of  sending  blood  to  the 
laboratory  for  serological  examination  whenever  they  suspected 
that  they  might  be  dealing  with  a  case  of  one  of  the  enteric  fevers 
and  sometimes  irrespective  of  the  time  the  patient  had  been  ill. 
Consequently,  there  are  in  this  group  a  number  of  cases  which 
subsequently  proved  to  be  dysentery,  pneumonia,  malaria,  influenza, 
or  relapsing  fever.  It  also  includes  thirty-five  cases  of  epidemic 
jaundice  in  which  serological  observations  were  deliberately  made, 
as  there  was  a  widespread  impression  at  first  that  the  disease  was 
associated  with  infection  by  a  paratyphoid  organism.  We  may 
eliminate  these  thirty-five  cases  of  jaundice  from  further  con- 
sideration, as,  whatever  the  infective  agent  may  have  been,  there 
is  no  evidence  that  it   was  due  to  a  paratyphoid  bacillus. 

The  remaining  ninety-one  cases  were  either  investigated  at  the 
time,  or  their  records  carefully  scrutinized  for  us  by  Lieutenant- 
Colonel  Stavvell,  Consulting  Physician  to  our  Unit,  and  we  take 
this  opportunity  of  expressing  to  him  our  exceeding  gratitude. 
Without  his  assistance  in  this  matter  it  would  not  have  been 
possible  to  draw  what  is,  perhaps,  the  most  important  conclusion 
from  our  observations,  namely,  the  relative  prevalence  of  true 
typhoid  fever  at  Gallipoli.  After  submission  to  his  scrutiny,  these 
ninety-one  cases  which  might  possibly  have  been  typhoid  infec- 
tions were  reduced  to  thirteen.  This  number  includes  all  those 
which,  on  clinical  grounds,  might  have  been  cases  of  one  or  other 
of  the  enteric  fevers.     It  is  certainly  a  maximal  estimate  for,  as 
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mentioned  above,  we  have  reason  to  believe  that  some  cases  of 
paratyphoid  A  fever,  which  the  method  we  employed  failed  to 
discover,  are  included  in  it. 

The  results  of  the  analysis  of  our  observations,  after  this 
elitninative  procedure  has  been  applied  to  the  cases  whose  sera 
agglutinated  only  B.  typhosus,  are  as  follows  : — 

Cases  of  typhoid  fever 

,,      ,,  paratyphoid  A  fever 
,,      ,,  paratyphoid  B  fever 

Total  of  enteric  fevers  . .       350 

The  patients  at  No.  3  General  Hospital,  A.I.F.,  were  derived 
from  Gallipoli  and  the  lines  of  communication.  Iniperial  troops 
and  Australians  v^^ere  indiscriminately  admitted.  As  the  sample 
covered  by  our  observations  was  of  fair  size,  we  shall  not  commit 
a  serious  error  if  we  apply  our  conclusions  to  the  distribution  of 
enteric  fevers  at  the  Dardanelles. 

From  information  kindly  furnished  us  by  Lieut. -Colonel  Aldridge, 
E.A.M.C.,  there  v^ere  5,700  cases  returned  as  enteric  fevers  from 
this  area  from  the  commencement  of  the  campaign  until  the  middle 
of  December,  1915.  According  to  a  statement  made  by  the  Under 
Secretary  for  War  in  the  House  of  Commons  on  December  23,  the 
total  medical  casualties  during  the  same  period  were  96,683. 

If  we  further  assume  that  the  distribution  we  have  arrived  at  is 
applicable  to  the  whole  of  this  period,  the  invaliding  rate  from 
typhoid  fever  represents  less  than  half  per  cent  of  the  total  sickness 
during  the  period. 

This  highly  satisfactory  result  must,  presumably,  be  attributed 
to  anti-typhoid  inoculation,  for  the  conditions  were  not  unfavour- 
able to  the  spread  of  enteric  disease. 

As  soon  as  we  became  aware  from  our  observations  that  the 
great  proportion  of  the  cases  of  enteric  fevers  amongst  Australian 
troops  was  due  to  paratyphoid  infections,  we  represented  the  facts 
to  the  Director  of  Medical  Services  of  the  Commonwealth  Forces 
and  advised  that  Australian  troops  should  be  at  once  inoculated 
with  a  vaccine  containing  paratyphoid  and  typhoid  bacilli.  This 
recommendation  was  approved  by  the  Minister  for  Defence  and 
early  this  year  all  Australian  Units  were  so  inoculated. 

Henceforth,  the  interpretation  of  observations  upon  the  aggluti- 
nation of  enteric  organisms  will,  in  the  case  of  patients  belonging 
to  Australian  units,  be  too  difficult  to  possess  any  practical  value 
and  the  isolation  of  the  infecting  organism  must  be  resorted  to  for 
diagnosis. 
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NOTES  ON  THE  VACCINATION  OF  GUINEA- 
PIGS  WITH  B.  PERFRINGENS. 

By  MURIEL  ROBERTSON,  M.A., 

LISTER  INSTITUTE  OF  PRKVENTIVK  MEDICINK 


The  following  paper  is  a  brief  account  of  certain  vaccina- 
tion experiments  carried  out  with  Bacillus  perfringens 
(B.  aerogenes  capsulatus).  The  animals  used  were  guinea- 
pigs.  Before  considering  the  experiments  with  vaccinated 
animals  it  will  be  useful  to  give  an  account  of  the  patho- 
genicity of  B.  perfringens  for  guinea-pigs. 

Different  strains  of  B.  perfringens  vary  very  markedly  in 
virulence  and  the  same  strain  may  vary  according  to  cultural 
conditions.  It  was  found  that  a  24  to  48-hour  broth  culture 
gave  a  fairly  uniform  result  in  regard  to  infectivity,  though 
fluctuations  do  occur.  The  infectivity  of  the  organism  was 
observed  to  be  relatively  very  slight  when  inoculated  in  the 
form  of  a  saline  emulsion  from  a  nutrient  glucose  agar  slope. 
Moreover,  saline  emulsions  of  sporing  cultures  grown  on 
inspissated  serum  failed  to  infect  upon  the  two  occasions  on 
which  this  method  was  used,  although  the  dose  injected  was 
in  one  case  equal  to  three  slopes  emulsified  and  in  the  other 
equal  to  two  slopes. 

In  determining  the  lethal  dose  and  in  all  the  infecting 
inoculations  broth  cultures  of  24  to  48  hours  were  used.  The 
animals  were  inoculated  into  the  muscular  tissue  of  the 
thigh,  care  being  taken  to  cause  no  further  injury  than  that 
occasioned  by  the  insertion  of  the  needle. 

In  vaccination  experiments  care  must  be  taken  to  fix  the 
lethal  dose  within  fairly  narrow  limits.  The  lethal  dose  for 
a  guinea-pig  of  250  to  300  grammes  was  about  60  to  100 
million  organisms  from  a  24  to  48-hour  broth  culture  of  the 
more  virulent  strains.  Four  strains  were  used,  of  which 
S.R.  12,  S.R.  8,  and  S.R.  9  were  of  very  similar  virulence; 
the  fourth  strain  K.  13  was  rather  less  virulent.  Five  million 
organisms  of  the  more  virulent  strains  failed  to  kill ;  one 
guinea-pig  was  killed  with  30  millions,  though  its  companion 
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survived.  Even  at  the  60  to  100  million  dose  a  certain 
number  survive  ;  thus  out  of  52  guinea-pigs  which  received 
60  to  100  millions  of  a  living  broth  culture,  5  recovered, 
which  gives  a  recovery  rate  of  9  6  per  cent. 

It  should  be  noted  that  sometimes  owing  to  some  condi- 
tion of  growth  which  is  not  evident  a  strain  may  be  less 
virulent  for  a  time  ;  thus  on  one  occasion  a  group  of  guinea- 
pigs  received  60  millions  of  a  strain  which  usually  kills  at 
this  dose,  all  the  animals  reacted  but  none  died.  This  group 
is  not  included  among  the  62  animals  cited  above.  It  is,  of 
course,  obvious  that  the  recovery  rate  is  greater  when  thedose 
used  is  on  the  border-line  of  being  lethal. 

For  the  purposes  of  these  experiments  therefore  it  was 
concluded  that  60  to  100  million  organisms  from  a  24  to 
48-hour  broth  culture  of  a  virulent  B.  perfringens  might  be 
taken  as  the  lethal  dose  for  a  guinea-pig  of  250  to  300 
grammes,  but  that  in  view  of  alterations  in  the  virulence  it 
is  absolutely  essential  that  every  series  of  experiments  be 
separately  controlled.  These  doses  refer  to  the  particular 
strains  used  and  to  their  condition  during  the  period  in 
question,  and  are  probably  not  more  than  merely  a  general 
indication  of  the  amount  necessary  to  kill  when  pathogenic 
strains  are  used. 

The  following  experiments  were  carried  out  to  see  if  vacci- 
nation with  B.  perfringens  afforded  any  protection  against 
subsequent  inoculation  of  a  lethal  dose. 


Experimeitt  A,  of  August  5th.  8  guinea-pigs  (Nos.  94,  95,  96, 
97,  100,  101,  102,  and  105)  vaccinated  by  injection  of  3  doses 
four  days  apart  of  heated  saline  emulsion  on  July  21st, 
24th,  aiid  27th;  doses  20  millions,  100  millions,  and  1000 
millions  respectively  of  B.  perfringens  (S.K.  9  xxi.) ;  vaccina- 
tion complete  on  July  27tli.  August  5th  :  Infecting  dose  of 
60  millions  (S.R.  9  xxi.)  living  from  broth  culture  injected. 
3  guinea-pigs  died  within  18  hours,  3  died  within  40  hours, 
and  1  died  within  64  hours.  1  survived  after  severe 
reaction. 

5  control  guinea-pigs  had  same  dose  (60  millions 
living  S.R.  9  xxi.  from  broth  culture).  1  died  within 
18  hours,  2  died  within  40  hours,  and  1  died  within  64  hours  ; 
1  survived. 

Experiment  />,  of  August  12th.  5  guinea-pigs  vaccinated. 
Saline  emulsion  heated  S.K.  8  xviii :  27/7/15,  50  millions ; 
30/7/15,  150  millions;  2/8/15,  1000  millions.  12/8/15:  Inocu- 
lated, infecting  dose  60  millions  of  living  bacilli  from  broth 
culture  of  S.K.  9  xxi.  All  the  5  guinea-pigs  reacted  and  3 
had  gangrene,  but  none  of  them  died, 

3  control  guinea-pigs  had  12/8/15  same  dose,  60  millions, 
of  S.K.  9  xxi.  from  broth  culture.  All  the  3  control  guinea- 
pigs  survived ;  one  had  gangrene,  one  had  (Edematous 
swelling,  one  did  not  react. 

In  this  case  the  infecting  dose  seems  to  have  been  sub- 
lethal. 
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Kxpcriiiwnl  C,  of  Oct.  6tli.    25  j,Miinea-piU8  vaccinated  with 

1  (loHO  of  lioatod  but  not  coniplotelv  killod  broth  culture, 
750  millions  of  S.li.  9  xxi.  on  Aiif^iiHt  7tli.  On  Oct.  6tli 
they  wore  injected  with  100  niillioiiH  of  S.li.  9  xxi.  from  a 
living'  broth  culture.     20  ^^'uinca-pi^'H  died  within  21  hourH, 

2  dii'd  within  45  hours,  1  died  within  69  hours,  and  1  died 
within  90  hours.     1  {,'uinea-pi}4  survived. 

Experiment  J),  of  Oct.  6th.  5  f,'uinea-nig8  (Nos.  114  to  118) 
vaccinated  with  3  doses  at  intervals  of  four  days  with  saline 
emulsion  from  ^lucose-a},'ar  slopes  of  S.ll.  12  xxvi.  ;  emulsion 
heated  but  not  completely'  killed  ;  doses  50  millions,  150  mil- 
lions, and  1000  millions  respectively.  Vaccination  complete 
on  Au^'ust  2nd.  On  Oct.  6th  100  millions  from  livinf^  broth 
culture  of  S.R.  9.  xxi.  injected.  2  guinea-pi^s  died  within 
20  hours,  2  died  within  28  hours,  and  1  died  within  69  hours. 

Kxperimcut  E,  of  Oct.  6th.  3  ^uinea-pi^s  (Nos.  109,  111, 
and  113)  vaccinated  with  3  doses  S.R.  8  xviii.,  heated  but  not 
entirely  killed,  saline  emulsion  four  days  apart;  doses 
50  millions,  150  millions,  and  1000  millions  respectively. 
Vaccination  complete  August  2nd.  On  Oct.  6th  100  millions 
from  living  broth  culture  of  S.R.  9  xxi.  injected.  2  guinea- 
pigs  died  within  20  hours  and  1  died  within  45  hours. 

Experiment  F,  of  Oct.  6th.  5  guinea-pigs  (Nos.  104  to  108) 
vaccinated  with  3  doses  four  days  apart ;  doses  50  millions, 
150  millions,  and  1000  millions  saline  emulsion  of  strain 
S.R.  8  xviii.  from  glucose-agar  slope  heated  but  not  com- 
pletely killed.  Vaccination  complete  August  2nd.  On 
August  12th  injection  of  living  broth  culture  60  millions 
of  strain  S.R.  9  xxi.  They  all  showed  swelling  of  leg  and 
abdomen  and  3  of  them  had  gangrene,  but  all  recovered.  On 
Oct.  6th  100  millions  from  living  broth  culture  of  S.R.  9  xxi. 
injected.  1  guinea-pig  died  in  20  hours,  2  died  in  24  hours, 
and  1  died  in  45  hours.     1  guinea-pig  survived. 

Experiment  G,  of  Oct.  6th.  3  guinea-pigs  (Nos.  154, 155,  and 
156)  inoculated  12/8/15  with  60  millions  from  a  living  broth 
culture  of  S.R.  9  xxi. ;  all  recovered.  On  Oct.  6th  100  millions 
from  a  living  broth  culture  of  S.R.  9  xxi.  injected.  1  guinea- 
pig  died  in  21  hours  and  1  died  in  45  hours.  1  guinea-pig 
survived. 

Experiment  H,  of  Oct.  6th.  Guinea-pig  90  inoculated 
17/7/15  with  60  millions  living  S.R.  9  xxi.;  had  bad  gangrene 
fourth  day  ;  recovered.  Reinoculated  6/10/15  with  100  millions 
living  S.R.  9  xxi.  from  broth  culture.    Died  in  48  hours. 

Guinea-pig  99  vaccinated  21/7/15  with  20  millions  heated 
S.R.  9  xxi. ;  no  reaction.  Vaccinated  24/7/15  with  100  millions 
heated  S.R.  9  xxi. ;  no  reaction.  Vaccinated  27/7/15  with 
100  millions  heated  but  not  completely  killed  of  S.R.  9  xxi.; 
had  oedema  and  gangrene  but  recovered.  Inoculated  6/10/15 
wnth  100  millions  from  a  living  broth  culture  of  S.R.  9  xxi. ; 
died  in  28  hours. 

Guinea-pig  102  vaccinated  as  for  No.  99 ;  had  oedematous 
swelling  but  no  gangrene.    Inoculated  5/8/15  with  60  millions 


from  living  broth  culture  of  8.K.  9  xxi. ;  had  bad  perfringens 
cfidema,  but  recovered  vvitiiout  gangrene.  Inoculated  6  10  15 
with  100  millions  living  broth  culture  of  S.K.  9  xxi.;  died  in 
24  hours. 

Control  to  Experiments  C,  D,  E,  F,  G,  and  H,  of  Oct.  6th, 
1915.  10  normal  guinea-pigs  inoculated  with  living  bacilli 
from  broth  culture  of  S.K.  9  xxi.  on  Oct.  6th.  7  guiiiea-[)igs 
died  within  21  hours  and  3  died  within  45  hours. 

Kxperiine-nt  1,  of  17  7  15.  Ouinea-pig  21  inoculated  2'6  15 
with  k  c.c.  of  48-hour  living  broth  culture  of  K.  15  H  about 
100  to  150  million  organisms;  cedema,  gangrene  by  ninth 
day,  recovered.  Inoculated  17/7/15,  with  60  millions  of 
S.R.  9  XXI.  from  liviug  broth  culture.  Guinea-pig  very  ill, 
oedema,  gangrene  on  fourth  day,  animal  recovered. 

Guinea-pig  33  inoculated  16  6  15  with  110  millions  from 
liviug  broth  culture  K.  13  Ji ;  severe  (inlema,  gangrene  on 
eighth  day,  animal  recoveretl.  Inoculated  17/7,15  with 
60  millions  from  liviug  broth  culture  of  S.K.  9  xxi. ;  guinea- 
pig  died  with  bad  oedema  in  90  hours. 

K.rperiiiient  J,  of  17  7  15.  Guinea-pig  34,  inoculated  16/6/15 
with  340  million  organisms  K.  13  H  in  saline  emulsion  from 
48-hour  glucose-agar  slope  culture;  no  perceptible  reaction 
whatsoever.  Inoculated  17  7  15  with  60  millions  organisms 
from  48-hour  living  broth  culture  of  S.K.  9  xxi. ;  died  in 
18  hours. 

Guinea-pig  41,  inoculated  25  6  15  with  saline  emulsion  from 
three  slopes  of  sporing  inspissated  serum  culture  of  K.  13  H  ; 
verv  slight  swelling  of  limb.  Inoculated  17  7  15  with  60 
millions  organisms  from  48-hour  living  broth  culture  of  S.K. 
9  xxi. ;  died  within  90  hours. 

Guinea-pig  44,  inoculated  25  6  15  with  saline  emulsion  from 
two  slopes  of  sporing  culture  inspissated  serum  of  K.  13  H  ; 
very  slight  reaction.  Inoculated  17  7  15  witli  60  millions  from 
living  48-hour  broth  culture  of  S.K.  9  xxi.;  liad  bad  oedematoua 
swelling,  but  recovered. 

Experiment  K,  of  17  7/15.  Guinea-pig  55,  inoculated  10'7/15 
with  5  millions  organisms  from  48- hour  living  broth  culture 
of  S.K.  9  xxi. ;  very  slight  reaction.  Inoculated  17  7  15  with 
60  millions  organisms  from  living  broth  culture  of  S.K.  9  xxi.; 
died  in  90  hours. 

Guinea-pig  56,  inoculated  10/7/15  with  5  millions  organisms 
from  living  hroth  culture  of  S.K.  xxi.  ;  very  slight  reaction. 
Inoculated  17  7  15  with  60  millions  organisms  from  living 
broth  culture  48-hours  growth  of  S.K.  9  xxi.;  died  in  66  iiours. 

Experiment  L,  of  17/ 7/15.  Three  guinea-pigs  (Nos.  51,  52, 
and  53)  inoculated,  2  7  15  with  5  c.c.  filtered  broth  culture  of 
ten  days'  growth  of  K.  13  B  ;  swelling  at  site  of  injection  last- 
ing two  days.  Inoculated  17/7  15  with  60 millions  organisms 
from  living  broth  culture  of  S.K.  9xxi.,  48 hours' growth. 
One  guinea-pig  died  in  62  hours,  1  died  in  66  hours,  and 
1  survived. 

Controls  to  experiments  of  17,7/15.  15  guinea-pigs  (Nos.  76 
to  90).  Inoculated  with  60  millions  organisms  from  living 
broth  culture  of  48  hours'  growth  of  S.R.  9  xxi.    Five  guinea- 


pi^H  (lied  within  36  lioiirH,  5  died  within  60  hourH,  and  2  died 
within  84  hours;  3  recovered. 

Experiments  F,  G,  and  H  are  of  particular  interest.  In 
Experiment  F  the  animals  (which  are  the  vaccinated  animals 
of  Experiment  B)  were  first  vaccinated  with  three  doses  of 
B.  perfrinf^ens  vaccine  and  then  received  a  slightly  sub-lethal 
do.se  of  a  living  broth  culture,  which  produced  a  quite  typical 
B.  perfringens  illness,  from  which  they  recovered.  Upon 
subsequent  inoculation  with  a  lethal  dose  of  living  broth 
culture  4  guinea-pigs  died  and  1  survived.  In  Experiment  G 
the  3  guinea-pigs  are  the  control  animals  from  Experiment  B. 
They  had  survived  a  slightly  sub-lethal  dose  of  living 
organisms,  but  upon  being  re-inocidated  with  a  lethal  dose 
of  living  B.  perfringens  2  guinea-pigs  died  and  1  survived. 
It  should  be  noted  that  the  surviving  animals  in  all  these 
experiments  showed  a  severe  oedema  which  in  certain  cases 
culminated  in  gangrene. 

Guinea-pigs  90  and  102  from  Experiment  H  are  interesting 
in  that  they  show  that  the  recovery  from  a  typical  severe 
B.  perfringens  illness  does  not  protect  against  a  subsequent 
infection.  Experiment  I  may  also  be  mentioned  in  this 
connexion.  Thus,  guinea-pig  21  recovered  from  a  bad 
B.  perfringens  illness,  and  6  weeks  later,  upon  re-inoculation 
with  the  living  bacillus,  repeated  the  illness  in  all  its 
.symptoms  and  again  recovered  ;  the  nature  of  the  second 
attack  was  in  no  way  different  from  the  first.  Guinea-pig  33 
had  a  bad  B.  perfringens  illness  from  which  it  recovered,  and 
one  month  later  was  again  inoculated  with  the  living 
bacillus,  whereupon  the  illness  was  repeated  and  the  animal 
died. 

In  the  Experiments  I,  J,  K,  and  L  of  17/7/15  there  were 
10  guinea-pigs  which,  having  had  previous  inoculation 
with  B.  perfringens  in  some  form  or  its  growth  products, 
were  then  subjected  to  a  lethal  dose  of  the  living  bacillus, 
and  out  of  these  10  there  were  3  which  survived,  which 
is  equal  to  30  per  cent.  Of  the  controls  to  this  series, 
3  out  of  15  survived,  being  equal  to  20  per  cent.  Upon  such 
small  numbers  this  difference  does  not  seem  to  be  very 
significant. 

Considering  the  results  of  Experiments  A,  C,  D,  and  E, 
which  are,  strictly  speaking,  the  vaccinated  animals,  out  of 
41  guinea-pigs  vaccinated  as  detailed  above,  2  survived  the 
inoculation  of  a  lethal  dose  of  living  bacilli,  which  is  equal 
to  4-8  per  cent.  If  the  figures  of  all  the  guinea-pigs  are 
considered  which  received  previous  treatment  of  any  kind 
with  B.  perfringens  or  its  products  (Experiment  B  is  omitted), 
out  of  62  guinea-pigs  so  treated  7,  or  11-2  per  cent.,  survived 
the  inoculation  of  a  lethal  dose  of  living  bacilli.  While 
out  of  the  30  control  guinea-pigs  4  survived  the  lethal  dose, 
that  is,  13-3  per  cent.  It  must  be  observed  that,  taking  the 
figures  of  the  previously  treated  animals  in  that  way,  there 
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are  included  a  few  cases  in  which  the  treatment  amounted  to 
a  selection  of  a  naturally  more  resistant  individual  (viz., 
Nos.  90,  21,  and  33).  It  may  further  be  recalled  that  in 
determining  the  lethal  dose  of  living  B.  perfringens  it  was 
found  that  9-6  per  cent,  of  unprotected  guinea-pigs  survived 
the  dose. 

The  general  conclusion  from  the  experiments  detailed 
above  is  that  previous  vaccination  with  killed  or  attenuated 
cultures  of  B.  perfringens  does  not  cause  any  appreciable 
raising  of  the  resistance  of  guinea-pigs  against  a  subsequent 
lethal  dose  of  living  bacilli.  Recovery  from  a  previous  in- 
fection with  the  organism  does  not  prevent  a  repetition  of 
the  illness  upon  re-inoculation  with  living  bacilli,  nor  does  it 
apparently  in  any  way  alter  the  symptoms  or  influence  the 
course  of  the  disease. 


Printed  at  The  Lancet  Office, 
423     Strand,     London,    W.C. 


*1 


n 


• 


Journal  of  Pathologn  and  Baderioloijy,  Vol.  XXI. 


> 


/  ►' 


TYPHUS  FEVER  :  AN  EXPERIMENT  ON  VACCINATION 
WITH     A     COCCUS     DERIVED     FROM     HUMAN 

CASES.  ^ 

By  Muriel  Kobektson,  M.A. 

From  The  Lister  Institute,  London,  S.  W. 

In  July  1914  there  occurred  a  small  outbreak  of  typhus  fever  in 
Belfast.  Dr.  Penfold  isolated  a  coccus  from  the  blood  and  from  the 
urine  of  two  patients  during  the  acute  stage  of  the  disease,  and  the  same 
coccus  from  the  urine  of  a  convalescent  (1916  ^).  It  was  impossible 
to  make  any  deductions  as  to  the  causal  connection  between  the 
coccus  and  the  disease,  from  the  data  available  in  this  work.  The 
slight  fevers  produced  by  Dr.  Penfold  in  two  monkeys  by  the 
injection  of  freshly  isolated  strains  of  the  coccus  were  not  sufficiently 
characteristic  to  be  convincing,  and  this  reaction  could  not  be  repeated 
with  later  subcultures  although  the  organism  was  grown  continuously 
on  human  blood  agar. 

The  work  described  in  the  following  paper  was  therefore  undertaken 
to  test  the  connection  of  the  organism  with  the  disease,  and  also  with 
the  view  of  investigating  the  antigenic  properties  of  Dr.  Penfold's 
coccus  as  an  immunizing  agent  against  typhus.  This  investigation 
was  made  at  Dr.  Penfold's  suggestion ;  he  furnished  the  strains  with 
which  the  immunization  was  carried  out,  and  I  am  indebted  to  him 
not  only  for  the  general  scheme  of  the  work  but  also  for  much  kind 
advice  during  its  progress. 

The  premises  of  the  experiment  were  as  follows.  From  the  work 
of  Anderson  and  Goldberger,  Nicolle,  and  others  it  was  clear  that  the 
intraperitoneal  injection  of  blood  from  a  typhus  patient  into  a  healthy 
monkey  gave  a  characteristic  reaction.  It  had  also  been  establislied 
that  a  substantial  immunity  was  conferred  upon  monkeys  by  one 
injection  of  active  blood  ;  in  addition,  tlie  bites  of  infected  lice  were 
shown  to  have  a  similar  power  of  conferring  immunity  against 
subsequent  typhus  injection,  although  the  monkeys  so  bitten  did  not 
show  any  febrile  reaction.  From  these  results  it  could  be  concluded 
that  the  subcutaneous  injection  of  the  virus  of  typhus  was  capable  of 
producing  an  immunity  in  monkeys  against  the  sul)sequent  intra- 
peritoneal  injection   of  virulent   typhus   blood    from  a  typhus  patient. 

^  Received  December  6,  1916. 
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It  was  therefore  suggested  that  if  typhus  were  due  to  the  coccus 
discovered  by  Dr.  Teufold  in  the  patient's  blood,  a  vaccine  made  from 
this  organism  would  immunize  monkeys  against  a  subsequent  injection 
of  virulent  typhus  blood. 

The  method  of  studying  the  typhus  reaction  in  the  monkeys  was 
the  usual  one,  namely,  by  taking  the  temperature  of  the  animals  twice 
daily  and  noting  the  occurrence  and  duration  of  the  febrile  i)eriod. 
This  method  is  fairly  sound,  provided  it  is  handled  with  sufficient 
criticism  and  care.  The  species  of  monkey  must  be  taken  into 
account  and  the  nature  of  the  temperature  chart  of  the  individual 
animal  is  of  the  utmost  importance.  It  is  quite  necessary  to  have 
accurate  knowledge  concerning  the  temperature  readings  of  the 
particular  creature  for  some  time  previous  to  the  inoculation  of  the 
test  material.  A  considerable  proportion  of  the  monkeys  sold  in 
England  are  not  in  a  suitable  state  for  accurate  experimental  work  of 
this  kind,  as  they  are  running  febrile  charts  due  to  causes  entirely 
outside  the  experiment.  In  addition,  care  must  be  taken  to  keep  the 
room  temperature  suitably  warm  and  constant.  And,  finally,  the 
actual  handling  of  the  monkey  requires  discretion,  in  order  that  the 
animal  should  not  be  unduly  excited. 

To  illustrate  the  casualties  that  have  to  be  contended  with  it  may 
be  mentioned  that  out  of  a  total  of  twenty-two  monkeys,  six  died  from 
causes  in  no  way  connected  with  the  experiment.  Two  other  monkeys 
were  unsuitable  for  use,  owing  to  the  fact  that  they  were  showing 
febrile  charts  on  their  own  account. 

The  charts  of  the  monkeys  used  for  Experiment  A  are  given  over 
the  whole  period  and  are  considered  on  their  merits  in  the  description 
of  the  experiments.  As  regards  regularity  of  temperature  it  would 
appear  that  Macacus  rhesus  (when  healthy)  is  one  of  the  best  species 
of  monkey  for  experimental  purposes. 

Experiment  A. 

Six  monkeys  (Nos.  1,  8,  9,  4,  7  and  21) were  selected;  of  these  — 
1  {Cercopithccns  patas),  8  (Macacus  cynomolyvs)  and  9  {Macacus  rhesus) 
were  vaccinated  with  Dr.  Penfold's  coccus  in  the  following  manner : — 

Fehniary  7,  1916. — Subcutaneous  injection  of  a  saline  emulsion  of  about 
150  million  cocci,  killed  by  adding  0'5  per  cent,  phenol  (freshly  prepared 
vaccine). 

February  11,  1916. — Subcutaneous  injection  of  a  saline  emulsion  of  about 
1000  million  cocci,  killed  by  adding  0*5  per  cent,  phenol  (vaccine,  5  days  old). 

February  2,  1916. — Subcutaneous  injection  of  a  saline  emulsion  of  about 
10,000  million  cocci,  killed  by  adding  0*5  per  cent,  phenol  (freshly  prepared 
vaccine). 

February  21,  1916. — Subcutaneous  injection  of  a  fresh  living  emulsion 
containing  2000  million  cocci. 

The  numbers  of  the  organisms  were  counted  under  the  microscope 
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with  dark  f];rouiid  illnniination  in  a  Thoma-Zeiss  counting  sHde.  The 
monkeys  showed  no  hjcal  reaction  and  no  appreciable  general  reaction. 
On  oth  April,  that  is  forty-fonr  days  after  the  last  vaccinating 
injection,  all  the  monkeys  were  tested  by  the  inoculation  of  blood  from 
a  i)atient  suffering  from  typhus  fever  (Case  1). 

The  patient,  jet.  7;"),  a  man,  took  ill  on  Tuesday,  30th  IMarch  1916.  Sec^n 
by  doctor,  Sunday,  2nd  April,  temperature  103°  F.  Brought  into  hosjntal, 
Tuesday,  4th  April,  temperature  100"  F.  Case  visited  Wednesday,  5th  April, 
at  1.30  p.m.,  when  a  sam})lc  of  the  patient's  blood  was  taken  ;  the  patient  was 
very  ill,  his  temperature  98°  F.  The  rash  appeared  on  Sunday,  2nd  April,  and 
was  still  very  marked  on  the  5th.  The  case  ended  fatally.  Tlie  family  of  the 
patient  had  yielded  three  previous  cases  of  typhus  during  this  outbreak. 

Blood  was  drawn  into  an  equal  volume  of  sodium  citrate  solution 
at  1.30  p.na.  on  5th  April,  and  brought  from  the  hospital  in  Kildysart, 
Co.  Clare,  to  Dublin,  and  the  monkeys  were  inoculated  into  the 
peritoneum  at  8  p.m.,  that  is,  six  and  a  half  hours  after  the  taking  of 
the  sample. 

Monkeys  1  and  4  each  received,  intraperitoneally,  3  c.c.  of  citrate  and 
blood  mixture. 

Monkeys  8  and  7  each  received,  intraperitoneally,  2 J  c.c.  of  the  blood 
citrate  mixture. 

Monkey  9  received,  intraperitoneally,  3  c.c.  of  the  blood  citrate  mixture. 

Monkey  21  received,  intraperitoneally,  4  c.c.  of  the  blood  citrate  mixture. 

The  reaction  of  the  monkeys  was  as  follows,  as  shown  by  the 
temperature  charts.  The  charts  of  all  the  monkeys  were  kept  from 
5th  February  (two  months  previous  to  the  inoculation  of  the  typhus 
blood)  until  2nd  May  (that  is,  until  the  twenty-seventh  day  after  the 
inoculation  of  the  typhus  blood). 

Monkey  1  {Gercopithecus  imtas) :  vaccinated. — Rather  an  irregular  chart 
(Fig.  1),  with  a  tendency  to  a  low  morning  temperature.  From  the  27th  of 
March  to  2nd  April  the  temperature  was  markedly  subnormal,  the  normal 
range  had  been  regained  at  the  time  of  inoculation  of  the  tyj^hus  blood. 
Incubation  period  of  five  days  during  which  the  morning  dip  in  the  tempera- 
ture is  eliminated.  On  the  sixth,  seventh,  and  eighth  days  there  is  a  slight 
rise  in  temperature.  On  the  ninth  day  there  is  a  sharp  rise,  fever  is  main- 
tained till  the  fourteenth  day.  The  temperature  drops  suddenly  on  the 
fifteenth  and  sixteenth  days,  thereafter  the  monkeys  show  so  low  a 
temperature  that  the  clinical  thermometer  failed  to  give  any  reading.  Finally, 
the  animal  died  on  8th  May. 

Monkey  8  {Macacus  cynomolgus) :  vaccinated. — This  monkey  shows  a 
pretty  level  chart  (Fig.  2) ;  the  daily  variation  is,  however,  as  a  rule,  rather 
marked,  being  not  infrequently  as  much  as  2°.  Incubation  period  of  five  days, 
slight  rise  on  the  sixth  day,  definite  febrile  reaction  on  the  seventh  dav, 
rising  sharply  to  105°*8  F.  on  the  eighth  day ;  the  fever  is  maintained  through 
the  thirteenth  day.  The  temperature  begins  to  come  down  on  the  fifteenth 
day,  and  declines  gradually  until,  from  the  nineteenth  day  on,  the  chart  has 
regained  its  original  limits,  the  evening  temperature  running  at  about  101°  F. 
The  monkey  was  never  really  very  ill,  it  kept  fairly  lively  but  took  less  food. 

Monkey  9  {Macacus  rhesus) :  vaccinated. — This  monkey  runs  a  verv 
steady  chart  (Fig.   3)  showing  only  slight  variations.     The  incubation  period 
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is  tive  clays,  tliere  is  a  very  slight  rise  on  the  sixth  clay,  a  sharp  rise  on  the 
seventh  day,  and  on  the  tenth  day  the  fever  is  very  marked,  the  tenii>erature 
being  106'  F.  The  febrile  condition  is  maintained  throngh  the  thirteenth  day. 
The  morning  temperature  on  the  fourteenth  tlay  is  approximately  normal,  and 
after  a  slightly  subnormal  reading  on  the  tifteenth  day  the  chart  regains  very 
nearly  its  usual  character  by  the  sixteenth  day.  The  monkey  gave  signs  of 
malaise,  but  was  not  very  ill  in  spite  of  the  high  temperature  shown. 
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Fig.  1. — Monkey  1  {Ccrcopithecus ^mtas) :  vaccinated. 

Monkey  ^  (Cercopithecus  pafas) :  unvaccinated. — This  animal  runs  rather 
a  swinging  chart  (Fig.  4),  the  upper  limit  of  which  does  not,  however,  rise 
above  1 02^*2  F.  during  the  live  weeks  which  preceded  the  inoculation  of  the 
typhus  blood.  During  the  incubation  period  of  five  days  the  morning  drop  in 
the  temperature  is  eliminated.  On  the  sixth  and  seventh  days  the  temperature 
rises  a  little,  and  on  the  eighth  and  ninth  days  the  febrile  reaction  is  very 
marked.  The  fever  is  maintained  through  the  thirteenth  day.  The  tempera- 
ture falls  on  the  fourteenth  and  fifteenth  days,  and  declines  very  rapidly  on 
the  sixteenth  and  seventeenth  days.  A  very  irregular  subnormal  chart  is 
exhibited  during  the  concluding  ten  days. 
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Monkey  7  {Maracu^  nemestria) :  unvaccinatcd. — Tliis  monkey  has  an 
irref^ular  chart  (Fig-  5)  with  a  low  morning  temperature.  Between 
2.'ir(I  and  27tli  March  the  monkey  was  sul)n(>i'mal,  but  was  running  aljout  liis 
normal  temperature  at  the  time  of  inoculation.  The  incuhation  period  is  aljout 
four  days ;  there  is  a  febrile  reaction  of  no  great  intensity,  with  a  remission  of 
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Fig.  2. — Monkey  8  {Macacus  cynomolgus) :  vaccinated. 


fever  from  about  the  tenth  day  to  the  thirteenth  day ;  on  the  fourteenth  day 
the  temperature  rises  again,  and  after  the  sixteenth  day  an  irregular  tempera- 
ture is  shown  until  the  termination  of  the  chart.  The  monkey  showed  signs 
of  being  very  ill  from  the  twelfth  day  on ;  he  had  attacks  of  depression  and 
was  inclined  to  sit  with  his  eyes  shut ;  he  was  very  irritable  when  roused. 
The  cornea  of  his  eyes  was  unusually  brown,  and  there  was  a  rather  marked 
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disiiicliiiatiou  to  face  the  light.  He  ultimately  recovered.  This  is  not  a  very 
satisfactory  chart,  the  temperature  reaction  in  response  to  the  inoculation  of 
the  typhus  blood  being  somewhat  irregular  in  character.  There  wa.s,  however, 
as    far   as    could   be  observed,  no    other    morbid    condition   complii:ating    the 
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Fig.  3, — Monkey  9  {Macacus  rhesus) :  vaccinated. 

picture.  It  must  be  conceded  that,  taken  by  itself,  this  is  not  a  very 
convincing  animal — there  was  an  undoubted  febrile  reaction  consequent 
upon  the  inoculation  of  the  patient's  blood,  but  there  is  nothing  entirely 
characteristic  of  typhus  in  the  temperature  chart  exhibited. 

Monkey  21  {Macacus  rhesus) :  unvaccinated. — This  monkey  runs  a  good 
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chart  (Fi^'.  6),  which,  however,  is  rising,'  a  little  at  the  time  of  the  inoculaticm 
of  the  patient's  blood.  There  is  an  iiiciil)atioii  j)erio(l  of  four  (hiys.  (Jn  the 
fifth  (hiy  after  the  inoculation  of  the  typhus  1)1o(j(1  there  is  a  rise  in  tempera- 
ture, hut  on  the  sixth  day  the  temperature  is  normal ;  again  it  rises  on  the 
seventh  day,  and  a  state  of  hi<,di  fever  occurs,  lasting'  from  the  ei<^htli  to  the 
tliirteenth   day.     The  temperature  declines  on  tlie  fourteenth    and    fifteenth 
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Fig.  4. — Monkey  4  {Cercopithecus patas) :  unvaccinated. 

days,  and  on  the  sixteenth  day  there  is  a  rapid  drop  to  101°,  which  is  slightly 
subnormal  for  this  monkey.  An  irregular  rather  febrile  temperature  is  shown 
to  the  end  of  the  chart.  This  is  quite  a  good  typhus  chart  from  the  sixth  day 
on,  but  it  must  be  noted  that  the  monkey  was  observed  to  have  enlarged 
axillary  glands  on  the  fourth  day  after  inoculation,  and  this  may  have 
complicated  the  picture. 
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From  these  six  charts  it  is  i^uite  obvious  that  the  vacciuatiou  of 
monkeys  1,  8,  aucl  9,  with  Dr.  rerifold's  coccus,  had  in  no  way  raised 
their  resistance  against  the  febrile  attack  occasioned  by  the  injection 
into  the    peritoneum  of  blood  frum   a    typhus    patient.     The    slight 
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Fig.  5. — Monkey  7  {xMacaciis  nemestris) :  un vaccinated. 

irregularity  in  the  keeping  of  the  charts  from  26  th  April  to 
2nd  May  was  due  to  distressful  distractions,  but  it  does  not  seriously 
interfere  with  the  completeness  of  the  record. 

Bacteriological  findings. — 0"5  of  a  cubic  centimetre  of  the  citrated 
blood  from  the  patient  was   plated   after  six   and   a   half  hours  on  to 
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three  freslily  prepared  liunian  hlood  ai^ar  plates.  Tliese  plates 
contained  2  c.c.  of  human  hlood.  The  method  used  was  to  drop  the 
blood  citrate  mixture  derived  from  tlie  patient  from  a  sterile  Pasteur 
pil)ette  on  to  the  surface  of  the  first  blood  agar  plate  and  then  to 
spread  the  material  with  a  sterile  glass  rod,  bent  at  right  angles, 
proceeding  in  the  usual  way  to  the  second  and  third  plates. 
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Fig.  6. — Monkey  21  {Macacus  rhesus)  :  un vaccinated. 

Upon  aerobic  incubation,  at  37°  C,  plate  1  showed  two  white 
colonies  and  a  minute  patch  of  a  greenish-coloured  growth  at  the  edge 
of  the  plate ;  this  proved  to  be  a  Gram-positive  coccus  growing  in 
pairs  and  fours.  The  white  colonies  were  found  to  consist  of  a  large 
Gram-negative  bacillus  which  appears  to  be  a  contaminating  organism 
from  the  air.  Plate  2  showed  no  growth  of  any  kind.  Plate  3 
showed    one    white    colony    of     the    contaminating     organism     above 
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meutioued,  alau  tluee  colonies  of  a  green  colour  which  produced  a 
greeu  halo  upon  tlie  blood  agar  plate ;  these  colonies  consisted  of  a 
Gram-positive  coccus  growing  in  pairs  and  fours. 

This  coccus  with  the  green  colony  appears  to  be  the  same  organism 
as  that  found  by  Dr.  Peufold  in  his  Belfast  cases  in  1914.  It  was 
therefore  possible  to  repeat  his  results  in  a  case  from  another  outbreak 
and  in  a  widely  removed  part  of  the  country.  Dr.  Peuf old's  cases 
were  in  Belfast  in  1914;  the  present  case  occurred  in  the  south- 
west, at  Kildysart  in  County  Clare,  in  1916. 

Experiment  B. 

Seven  monkeys  in  all  were  used ;  three  were  vaccinated  by  the 
method  employed  for  Experiment  A  and  four  were  normal  monkeys. 

Vaccinated  monkeys. — No.  13,  Macacus  rhesus;  No.  5,  Macacus 
cynomolgus  ;  No.  18,  Cehus  capuciiuis. 

Normal  monkeys. — Nos.  11,  12,  15,  and  22. — Macacus  rhesus. 

The  patient,  a  young  woman,  took  ill,  Saturday  8th  April.  Monday  and 
Tuesday,  9tli  and  10th  April,  temperature  102°-8  F.  Wednesday,  rash 
appeared,  ty])lius  suggested,  temperature  99°.  Brought  into  Kildysart 
hospital,  Thursday,  13th,  temperature  98°-8j  visited  Friday,  14th  April, 
temperature  99°. 

Blood  drawn  into  sodium  citrate  solution  at  1.45  p.m.,  patient's 
temperature  99°  at  the  time.  The  blood  citrate  was  brought  from 
the  hospital  at  Kildysart  to  Dublin,  and  the  monkeys  inoculated  into 
the  peritoneum  at  7.50  p.m.,  that  is,  six  hours  after  taking  the 
sample.  Each  monkey  had  an  intraperitoneal  injection  of  3  c.c.  of  a 
mixture  of  equal  parts  of  citrate  and  blood. 

The  monkeys  were  kept  under  observation  for  eighteen  days  after 
the  inoculation  of  the  patient's  blood,  but  no  febrile  reaction  took 
place.  It  was  therefore  concluded  that  the  case  was  past  the  infective 
period  by  the  time  that  the  sample  of  blood  was  taken  from  the 
patient.  It  may  be  pointed  out  tliat  although  it  was  the  sixth  day  of 
the  illness,  counting  from  the  day  on  which  the  patient  first  considered 
herself  to  be  ill,  the  temperature  had  nevertheless  not  been  above 
99"  for  three  days.  Against  this  must,  however,  be  set  Nicolle  and 
Blaizot's  opinion  (1915  i)  that  a  negative  result  should  not  be  recorded 
until  forty-five  days  have  elapsed  from  the  time  of  injecting  the 
typhus  blood.  The  publication  of  this  result  had  not  been  noted  at 
the  time  the  experiments  were  being  made.  It  is,  moreover,  not  quite 
clear  if  Nicolle  and  Blaizot  are  referring  only  to  subsequent  animal 
passages,  notably  in  the  rabbit,  or  whether  they  consider  that  this 
applies  also  to  an  injection  into  monkeys  direct  from  the  patient. 

Bacteriological  findings. — 0*25  c.c.  of  the  blood  citrate  mixture 
from  the  typhus  case  was  plated  as  before  on  freshly  prepared  human 
blood    agar    plates,  six    hours     after    withdrawal    from    the     patient. 
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The  plates  contained  2  c.c.  of  liuman  blood.  l*late  1  showed  no  growth 
at  all.  l*late  2  showed  one  white  colony  which  proved  to  be  a 
Gram-positive  coccus,  and  two  green  colonies  with  green  halos. 
riate  3  showed  some  white  colonies  and  numerous  green  colonies  with 
green  halos.  Plate  4  showed  no  growth.  The  green  colonies  were 
composed  of  Gram-positive  cocci,  growing  in  twos  and  fours,  and  were 
ap])arently  identical  with  Dr.  Penf old's  coccus  from  the  Belfast  cases. 

It  is  interesting  to  note  that  the  green  coccus  was  very  much  more 
plentiful  in  this  case  than  in  the  first,  although  the  latter  was  more 
infective  for  monkeys. 

Cultures  of  the  blood  from  both  cases  were  made  in  bile  salt,  but 
no  growth  occurred  in  either  case. 


Summary  and  Conclusions. 

1.  The  coccus  grown  by  Dr.  Penfold  from  cases  of  typhus  in 
Belfast  in  1914  was  again  recovered  from  the  blood  in  two  cases  of 
this  disease  occurring  in  the  south-west  of  Ireland  in  1916. 

2.  It  was  shown  in  Experiment  A  that  monkeys  vaccinated  with 
Dr.  Penfold's  coccus  had  acquired  no  immunity  against  a  subsequent 
intraperitoneal  inoculation  of  blood  from  a  typhus  patient. 

3.  No  evidence  was  obtained  of  a  causal  connection  between  the 
coccus  found  in  the  blood  and  the  clinical  condition  known  as  typhus 
fever. 

Most  kind  assistance  was  given  by  Professor  Mettam,  Principal  of 
the  Koyal  Veterinary  College,  Dublin,  who  contributed  the  resources 
of  the  College  to  the  carrying  on  of  the  work.  His  sympathetic  help 
and  that  of  his  staff  were  of  the  utmost  value,  and  the  success  of  the 
experiment  was  largely  due  to  his  generous  co-operation.  Thanks  are 
due  to  the  Local  Government  Board  of  Ireland  for  their  kindness  in 
notifying  the  cases.  1  am  also  indebted  to  Drs.  Garry  and  Brennan 
for  their  courtesy  in  allowing  their  patients  to  be  visited. 
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A   CONTPvTBUTION   TO   THE   STUDY   OF 
AMBOCEPTORS   AND   RECEPTORS. 

SECOND   COMMUNT(\\T[()N   ON   HETEROLOGOUS   IMMUNITY 
TO   MALIGNANT   MOUSE   TUMOURS. 

By  M.   TSURUMI. 

{The  Lister  Institute  of  Preventive  Medicine,  London,  SA\  .) 

Since  Forssmau  (1911)  discovered  a  heterologous  haemolysin 
obtained  by  immunising  rabbit  against  guinea-pig  organs^ — kidney, 
liver,  etc. — and  having  the  property  of  dissolving  sheep  blood  corpuscles 
but  not  those  of  the  guinea-pig,  many  authors  have  devoted  their  time 
to  this  subject,  and  to  the  elucidation  of  the  relationship  between  antigen 
and  antibody. 

Thus,  Orudschiew  (1913)  succeeded  in  obtaining  haemolytic  ambo- 
ceptors by  immunising  with  guinea-pig  serum,  while  Spaet  (1914) 
claimed  that  the  leucocytes  of  this  animal  can  also  evoke  the  production 
of  the  same  amboceptors.  In  1913  Morgenroth  demonstrated  two 
haemolysins  obtained  by  immunising  rabbit  against  mouse  kidney 
and  against  mouse  carcinoma,  and  noted  that  it  was  a  diflicult  task 
to  decide  whether  the  haemolysins  were  identical  or  partially  ditYerent. 
In  a  later  paper,  Morgenroth  and  Bieling  (1915)  published  a  detailed 
account  dealing  with  this  subject.  For  this  purpose  they  employed 
the  methods  of  fixation  and  transgression,  and  declared  that  the  haemo- 
lysins were  not  identical,  but  differed  from  one  another  to  a  certain 
extent. 

In  a  previous  paper  (1915)  I  investigated  the  serological  reactions 
of  malignant  mouse  and  rat  tumour  antisera,  i.e.  haemolysis,  haemag- 
glutination,  complement  fixation,  precipitin  reaction  and  cytolysis. 
My  experiments  were  all  made  in  cases  of  heterologous  immunity  and 
working  along  bacteriological  lines,  since  in  the  case  of  homologous 
immunity  to  mouse  tumours  (e.g.  immunising  mouse  against  mouse 
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tumours  and  certain  normal  tissues — for  example  mouse  embryo-skin) 
no  s])ecilic  antibody  has  yet  been  found. 

In  the  present  paper  the  investigations  concern  the  relationship 
between  mouse  tumour  and  guinea-pig  kidney  haemolysins  and  goat- 
erythrocyte  amboceptors  respectively,  according  to  the  methods  of 
Morgenroth  and  Bieling. 

I.    Immunising  Methods. 

To  immunise  witli  organic  cells  and  obtain  heterologous  haemolysin 
many  authors  have  applied  the  methods,  in  some  cases  modified,  already 
used  by  Forssman.  The  methods  used  by  Morgenroth  and  Bieling  are 
very  well  adapted  for  the  obtaining  of  exact  results.  There  are,  however, 
in  spite  of  everything,  some  unavoidable  difficulties  when  immunising 
with  organic  and  tumour  cells,  because,  apart  from  the  difficulty  that 
exists  in  obtaining  the  antigen  absolutely  free  from  blood,  it  is  scarcely 
possible  to  separate  the  connective  tissue  from  the  parenchyma ;  an 
example  of  this  is  seen  in  Bail  and  Margulies's  (1913)  use  of  guinea-pig 
kidney  as  antigen. 

However,  one  can  probably  neglect  the  influence  of  connective 
tissue,  because  in  mouse  tumour  and  guinea-pig  kidney  the  parenchyma 
is  so  largely  in  excess. 

Morgenroth  and  Bieling's  methods  were  therefore  adopted  and  are 
as  follows : 

The  immunising  materials^mouse  tumour  and  guinea-pig  kidney — 
are  removed  from  animals  which  have  been  bled  out  and  are  cut  up 
under  sterile  conditions  and  then  washed  with  normal  saline  in  order 
to  get  rid  of  as  much  blood  as  possible.  These  materials  are  ground 
down  in  a  sterile  mortar  without  any  addition  of  sea  sand.  To  the  pulp 
a  certain  quantity  of  saline  is  added  and  the  whole  filtered  through  an 
ordinary  handkerchief  under  slight  pressure.  The  emulsions  thus 
prepared  were  injected  intraperitoneally  into  rabbits,  twice  or  three 
times  with  intervals  of  from  eight  to  ten  days. 

As  to  the  dosage,  Forssman  had  already  suggested  that  a  large 
quantity  does  not  give  a  proportionately  high  immunisation,  and 
Morgenroth  and  Bieling  confirming  this  assertion,  used  for  each  injection 
emulsion  corresponding  to  1-2  grms.  of  original  material. 

Eisrht  davs  after  the  last  inoculation,  the  animals  were  bled  from 
the  carotid  under  narcosis.  The  immunised  sera  obtained  were 
inactivated   the   next   dav   at   56°  C.    for   half-an-hour.     To   test   the 
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haemolvtic  reaction  0-5  c.c.  of  a  5%  washed  goat  erythrocyte  suspension 
was  employed  The  complement  was  1  c.c,  of  a  1  in  10  dilution  of 
fresh  guinea-pig  serum,  the  absolute  quantity  of  complement  in  each 
tube  thus  being  0*1  c.c.  The  minimal  dose  which  still  can  cause  complete 
haemolysis  under  these  conditions  was  named  the  and)oceptor  unit. 
The  degrees  of  haemolysis  were  distinguished  as  follows: 

c.     =  complete  si.  =:  slight 

n.c.  =  nearly  complete  tr.  =  trace 

m.    =  marked  n.  =  none 

The  following  protocols  show  the  haoinolysin  antigenic  power  of 
guinea-pig  kidney  and  mouse  tumour. 

Immunisation  with  guinea-jng  kidney. 

Rahhit  1. 

1915.     8th  Nov.       50  c.c.  of  20  %  guinea-pifj  kidney  emulsion  intra  peritoneally. 
15th     „  5-0    „  „  „  „ 

22nd    „  100   „ 
30th     „  Blod  out. 

1st  Dec.        Amboceptor  unit  =0-005. 

Rahhit  2. 

1915.       8th  Nov.  5'0  c.c.  of  20  %  guinea-pig  kidney  emulsion  intraperitoneally. 

15th     „  50    „  „  „  „ 

22nd      ,  100    „ 

30th     „  BUxl  out. 

Ist  Dec,  Amboceptor  unit=0'002. 

Rahhit  3. 

1915.       8th  Nov.     5-0  c.c.  of  20  ^[^  guinea-pig  kidney  emulsion  intraperitoneally. 
15th     „         5'0    ,,  ,,  ff  ft 

22nd    „       100   „ 
30th     „       Bled  out. 
1st  Dec.     Amboceptor  unit  =  0-001. 

Immunisation  ivith  mouse  tumour. 

For  this  purpose  mouse  carcinoma  199  and  sarcoma  37  p.  which 
were  supplied  by  the  kindness  of  Dr  Murray,  the  Director  of  the  Imperial 
Cancer  Research  Fund,  London,  were  used.  The  virulence  of  these 
tumours  is  so  great  that  their  takes  by  transplantation  are  practically 
100  per  cent.,  and  their  proliferative  activity  so  rapid  that  they  reach 
from  1  £:rm.  to  1-5  grms.  two  weeks  after  an  inoculation  of  0-03  c.c. 


inuntuiisation  with  mouse  carcinoma  191). 


Rabbit   1, 


11H5.     llKli  Nov.  7-0  c.c.  of  25  %  mouse  carcinoma  I'JU  cniul.sioii  intrapcritoucally. 

3(Hli      „  0-0    „  „  „  „ 

101  li  Dec.  10-0    „  „  „  „ 

18th     „  Bled  out. 

lUth     „  Ambocoptor  unit  — 0-005  c.c. 


Rabbit  5. 


11)15.     19th  Nov.  5-0  c.c.  of  26  %  mouao  carcinoma  lUU  emulsion  iatraperitoneally. 

30th     „  0-0    „  „  „  „ 

10th  Dec.  10-0    „  „  „  „ 

18th     „  Bled  out. 

19th     „  Amboceptor  unit =0-000  c.c. 


Rabbit  6. 


1915.     19th  Nov.  5-0  c.c.  of  25  %  mouse  carcinoma  199  emulsion  iutraperitoacally. 

30th     „  0-0    „ 

10th  Dec.  100    „  „  „ 

15th     „        Died. 


Immunisatioib  with  mouse  sarcoma  37  p. 

Rabbit  7. 

1915.       2nd  Dec.  lO'O  c.c.  of  25  %  mouse  sarcoma  37  p.  emulsion  intraperitonealiy. 
10th     „  7-0    „  „  „  „ 

20th     „  10-0    „ 

28th     „  Bled  out. 

29th     „  Amboceptor  unit  =0-02  c.c. 

Rabbit  8. 

1915.       2nd  Dec.  100  c.c.  of  25  %  mouse  sarcoma  37  p.  emulsion  intraperitoneally. 
10th     „  8-0   ,,  „  „  „ 

18th     „  Bled  out. 

19th     „  Amboceptor  unit  =0-025  c.c. 

According  to  Morgenroth  and  Bieling,  mouse  tumour — carcinoma — 
contains  more  antigenic  receptors  than  mouse  kidney,  but  from  the 
above  experiments,  although  few  in  number,  the  antigenic  power  of 
mouse  tumour,  either  carcinoma  or  sarcoma,  does  not  appear  to  exceed 
that  of  guinea-pig  kidney. 


II.    Fixation  Experiments. 

Tiie  guiuea-pig  kidney  and  mouse  tumour  emulsions  empl(jyed  in 
the  following  experiments  were  10  per  cent,  by  weight,  and  prepared 
according  to  Morgenroth  and  Bieling;  that  is  to  say,  the  materials 
were  removed  from  animals,  which  had  been  bled  out,  were  cut  up, 
washed  with  normal  saline  in  order  to  free  them  from  blood  as  much 
as  possible,  and  then  centrifuged.  Thus  the  organ  and  tumour  cells 
were  separated  from  the  blood  corpuscles,  10  per  cent,  suspensions  of 
the  precipitated  cells  being  made  by  weight  with  normal  saline. 
I  found  2-0  c.c.  of  these  suspensions  an  adequate  amount  for  fixation 
with  the  serum  used. 

1.  Fixation  experiments  with  mouse  carcinoma  199  serum.  Kabbit 
No.  4.     A.u.  =  0-005  c.c. 

For  control  was  used,  as  in  Morgenroth  and  Bieling's  experiments, 
rabbit  kidney  emulsion  prepared  in  the  way  already  described. 

To  1-0  c.c.  (200  A.u.)  of  the  inactivated  carcinoma  serum  was  added 
2-0  c.c.  of  10  %  carcinoma,  guinea-pig  and  rabbit  kidney  emulsions 
respectively,  thus  making  3-0  c.c.  in  all : 

1-0  c.c.  carcinoma  serum  (200  a.u.)    +2-0  c.c.  of  10%  carcinoma  cmulaion. 

ro  ,,  ,,  „  ,,  +2-0    ,,    of  10%  guinea-pig  kidney  emulsion. 

1-0  ,.  „  ,,  ,,  +20    ,,     of  10%  rabbit  kidney  emulsion. 

The  mixtures  were  placed  for  one  hour  at  ST""  C.  and  afterwards 
centrifuged.  The  slightly  opaque  supernatant  fluids  were  then  tested 
haemolytically,  using  0-1  c.c.  guinea-pig  complement  and  0-5  c.c.  of 
5  %  goat  erythrocyte  suspension.  After  placing  for  one  hour  and  a 
half  at  37°  C,  the  tubes  were  kept  in  the  cold  room  and  the  result 
observed  the  following  morning. 

The  following  table  shows  the  results: 

TABLE  I. 

Mouse  carcinoma  serum. 

Haemolysis  after  absorption  with 


Absorbed 
serimi  used  in 
liaeniolytic  test 

Uaeiuolytic 

strength  before 

absorption 

Mouse 
carcinoma 

Guinea  pig 
kidney 

Kabbit 
kidney 

1. 

1-2  C.c. 

80  a 

.U. 

C. 

C. 

C. 

•> 

0-0 

40 

n.c. 

»» 

>> 

3. 

0-3 

20 

n.c. — m. 

n.c. 

»» 

4. 

015      „ 

10 

m. 

m. 

j> 

5. 

0-075    „ 

5 

si. 

si. 

»» 

U. 

003      „ 

o 

si.— tr. 

tr. 

>> 

7. 

0015    „ 

1 

tr. — n. 

tr. — n. 

n.c. 

8. 

001      „ 

S 

n 

n. 

m 
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Mdusc  c'iirc'iiioiiiii  is  tlius  hccii  to  lix  very  strongly,  while  ;^uijicii-|>ig 
ividiioy  was  nithcr  feoblcr,  aiul  l)y  calculating  according  to  Morgcuroth 
and  Uieliu<^'s  method,  it  is  found  that  mouse  carcim)ma  fixed  from  at 
least  Jlf  to  Jiy  of  tlu^  amboceptors,  namely,  from  195  to  197  a.u.,  while 
guiuea-])i<ir  kidney  deviated  M  ^^  M'  namely,  from  190  to  195  a.u. 
The  attempt  to  lix  with  ra])bit  kidney,  as  Morgenroth  has  already 
noted,  does  not  succeed,  so  that  1  amboceptor  unit  after  absorption 
still  caused  practically  complete  haemolysis.  Thus  it  is  clear  that 
rabbit  kidney  does  not  lix  haemolytic  amboceptors,  in  the  same  way 
as,  according  to  Forssman,  it  does  not  elicit  the  antibodies. 

2.  Fixation  experiments  with  guinea-pig  kidney  serum.  Rabbit 
No.  3.     A.u.  =  0-001  c.c. 

To  tubes  containing  0-2  c.c.  (200  a.u.)  of  the  serum  and  0-8  c.c. 
saline  were  added  2-0  c.c.  of  guinea-pig,  mouse  carcinoma  and  rabbit 
kidney  emulsions  respectively,  the  total  amount  thus  being  3  c.c. 

0-2  c.c.  guinea-pig  kidney  serum   (200  a.u.) +0-8  c.c.  saline  +  2-0  c.c.   guinea-pig   kidney 

emulsion. 
0-2  c.c.   guinea-pig  kidney  serum   (200  a.u.) +0-8  c.c.   saline -f  2-0  c.c.   mouse  carcinoma 

emulsion. 
0-2  c.c.  guinea-pig  kidney  serum  (200  a.u.)  -f  0-8  c.c.  saline  +  2-0  c.c.  rabbit  kidney  emulsion. 

After  treating  the  mixtures  as  before,  the  supernatant  fluids  were 
obtained  and  tested  for  haemolytic  reaction. 


TABLE   II. 

Guinea-pig 

kidney  serum. 

Absorbed 
serum  used  in 
haemolytic  test 

Haemolytic 

strength  before 

absorption 

Haemolysis 

after  absorption 

with 

Guinea-pig 
kidney 

Mouse 
carcinoma 

Rabbit 
kidney 

1. 

1-2 

c.c. 

80  A.U. 

c. 

C. 

c. 

2. 

0-6 

40 

5J 

n.c. 

>> 

3. 

0-3 

20 

JJ 

m. 

tf 

4. 

015 

10 

)f 

si. 

t» 

5. 

0075 

5 

J> 

tr. 

n.c 

(i. 

003 

2 

J> 

n. 

m. 

7. 

0015 

1 

>> 

>> 

tr. 

n.c. 

8. 

001 

f 

JJ 

j> 

n. 

m. 

The  fixing  power  of  the  guinea-pig  kidney  emulsion  for  the  ambo- 
ceptors of  the  homologous  serum  lies  between  |^  and  f^,  whilst  that 
of  the  carcinoma  emulsion  lies  between  j%  and  f ;  in  other  words, 
although  the  carcinoma  antigens  were  capable  of  fixing  haemolytic 
antibodies,  these  were  most  strongly  fixed  by  homologous  antigens. 
Rabbit  kidney  again  showed  no  power  to  absorb  the  hacmolysin,  so 
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that  one  amboceptor  unit,  after  treatment,  still  caused  nearly  complete 
haemolysis.  However,  the  behaviour  of  ^oat  haemolysin,  with  mouse 
carcinoma  and  guinea-pig  kidney  emulsion,  is  quite  different. 

3.     Fixation  experiments  with  goat  haemolysin.     a.u.  =  0*0005  c.c. 

The  mixture  this  time  consisted  of  0-1  c.c.  (200  a.u.)  of  the  goat 
haemolysin,  0-9  c.c.  saline  and  2-0  c.c.  of  goat  erythrocytes  (10  %  by 
weight),  guinea-pig  and  rabbit  kidney  suspensions  respectively.  After 
treating  the  mixtures  as  before,  the  haemolytic  power  of  the  supernatant 
fluids  was  tested. 


TABLE 

III 

Goat 

red  cell 

serum. 

Absorbed 
serum  useil  in 
haemolytic  test 

Haemolytic 

.strength 

before 

absorption 

er 

Haemolysis  after  absori>tion 

with 

Coat 
ythrocytes 

Mouse 
carcinoma 

Guinea-pig 
kidney 

Rabbit 
kidney 

1. 

0-G        c.c. 

40. 

\.U. 

c. 

C. 

C. 

0. 

2. 

0-3 

20 

»» 

»» 

tf 

3. 

015 

10 

m. 

»* 

t* 

4. 

0075      „ 

5 

8l. 

*» 

it 

5. 

003 

2 

n. 

>> 

f* 

(3. 

0015     „ 

1 

»* 

n.c. 

>> 

7. 

0-0075    „ 

h 

>> 

m. 

m. 

n.c. 

8. 

0  0004    „ 

i 

>) 

tr. 

tr. 

si. 

As  the  table  demonstrates,  goat  blood  cells  fix  the  amboceptors 
well,  while  not  only  rabbit  kidney,  but  -carcinoma  and  guinea-pig 
kidney  do  not  absorb  them  practically  at  all.  This  result  is  very 
curious,  because  both  mouse  carcinoma  and  guinea-pig  kidney  contain 
antigen  for  the  production  of  amboceptors  haemolytic  to  goat  red 
cells.  To  explain  this  fact,  the  following  statement  is  probably  admis- 
sible: goat  erythrocytes  contain  many  groups  of  receptors  able  to 
produce  amboceptors  haemolytic  to  goat  blood  cells,  while  mouse 
carcinoma  and  guinea-pig  kidney  contain  some  of  these  groups  only. 

If,  therefore,  haemolytic  serum  produced  by  immunisation  with 
goat  blood  cells  is  absorbed  with  mouse  carcinoma  or  guinea-pig  kidney 
emulsions,  those  amboceptor  groups  corresponding  to  their  own  receptors 
are  fixed,  while  there  still  remain  the  other  groups  of  antibodies  to  cause 
haemolysis.  It  is  certainly  due  to  a  want  of  any  receptors  in  common 
that  rabbit  kidney  did  not  fix  goat  haemolysin  amboceptors. 

Another  question  approached  in  this  paper  is  concerned  with  the 
fixing  power  of  goat  blood  corpuscles  for  the  haemolytic  amboceptors 
of  mouse  carcinoma  and  guinea-pig  kidney  serum.  Although  Morgen- 
roth  and  Bieling  observed  that  goat  erythrocytes  fix  the  haemolytic 
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uiitibodios  of  mouse  carcinoma  scrum  more  stron^My  than  mous(^  kidney 
emulsion,  they  did  not  ])ublis]i  an  exact  account. 

4.     Fixation  exi)erim(Mits  with  j^oat  blood  cells. 

To  !•()  CO.  (200  A. u.)  of  mouse  carcinoma  serum  and  0-2  c.c.  (200  a.u.) 
of  <j:uinea-pig  kidney,  plus  0-8  c.c.  saline,  2-0  c.c.  of  10  %  goat  erythro- 
cytes were  added,  while  the  same  amount  of  mouse  carcinoma  and 
guinea-pig  kidney  emulsion  was  added,  each  to  its  corresponding  serum 
as  control. 

1-0  c.c.  mouse  carcinoma  scrum  (200  a.u.)  +2-0  c.c.  of  10%  goat  blood  cells. 

1-0  „  „  „  „  +2-0    „     of  10  %  mouse  carcinoma  emulsion. 

0-2  „  guinea-pig  kidney  serum  (200  a.u.) +0-8  c.c.  saline  +  2-0  c.c.  of  10%  goat  blood 

cells. 
0-2  c.c.  guinea-pig  kidney  serum  (200  a.u.) -I- 0-8  c.c.  saline +  2-0  c.c.  of  10%  guinea-pig 

kidney  emulsion. 

The  mixtures  were  treated  as  before  and  the  haemolytic  reaction 
of  the  supernatant  fluids  tested. 


TABLE  IV.    A. 

Mouse  carcinoma  serum. 

Haemolysis  after  absorption  with 


Absorbed 
serum  used  in 
haemolytic  test 

Haemolytic 

strength  before 

absorption 

1. 

1-2      ( 

3.C. 

80  A.U. 

2. 

0-6 

5J 

40    „ 

3. 

0-3 

>> 

20    „ 

4. 

015 

10    „ 

5. 

0075 

»J 

5    „ 

6. 

003 

JJ. 

2    „ 

7. 

0-015 

?> 

1    ,, 

8. 

001 

>» 

f    „ 

Goat 

erythrocytes 

N 

Mouse 
carcinoma  (control) 

m. 

c. 

si. 

I1.C. 

tr. 

n.c. — m. 

>5 

m. 

n. 

si. 

n 

si.— tr. 

»> 

tr. — n. 

f» 

n. 

TABLE  IV.    B. 

Guinea-pig  kidney  serum. 


Haemolysis  after  abson^tion  with 


Absorbed 
serum  used  in 
haemolytic  test 

Haemolytic 

strength  before 
absorption 

(Joat 
erythrocytes 

( Guinea- pig 
kidney  (control) 

1. 

1-2 

c.c. 

80  a 

.U. 

n.c. 

c. 

2. 

0-(3 

40 

?5 

m. 

n.c. 

3. 

0-3 

20 

t;l. 

m. 

4. 

0-15 

10 

tr. 

si. 

5. 

0-075 

5 

n. 

tr. 

0. 

0-03 

2 

»> 

n. 

7. 

0-015 

1 

«» 

tt 

8. 

001 

,, 

f 

»i 

»f 
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As  the  preceding  experimeiitii  deiiiuuHtrate,  goat  blood  cellh  have 
a  much  greater  ftxiiig  power  for  both  haeiiiolytic  amboceptors  than 
their  homologous  antigens,  this  being  particularly  the  case  with  the 
carcinoma  amboceptors. 

It  has  been  already  stated  that  rabbit  kidney  fixes  the  and^oceptors 
of  neither  mouse  carcinoma,  guinea-pig  kidney,  nor  goat  erythrocyte 
antiserum,  and  the  immunising  of  rabbit  with  rabbit  kidney  cells 
conversely  does  not  elicit  the  production  of  haemolysins.  Consequently, 
it  is  natural  to  suppose  that  the  organs  of  other  animals,  for  example  rat 
kidney  which,  according  to  Forssman  and  Morgenroth,  does  not  contain 
the  haemolysin  antigen,  cannot  have  any  fixing  power  for  the  amboceptors 
of  mouse  carcinoma,  guinea-pig  kidney  and  goat  erythrocyte  antisera. 

5.     Fixation  experiment  with  rat  kidney  emulsion. 

The  experiment  was  performed  as  follows: 

A.  0-5  c.c.    (IOOa.u.)    mouse    carcinoma    serum +0-5  c.c.    saline +  2-0  c.c.    rat    kidney 

emulsion. 

B.  0-1  c.c.    (IOOa.u.)    guiuoa-pig    kidney    serum +0-0  c.c.    saline +  2-0  c.c.    rat    kidney 

emulsion. 

C.  0-1  c.c.  (200  A. u.)  goat  haemolysin +0-9  c.c.  saline  +  2-0  c.c.  rat  kidney  emulsion. 

These  mixtures  were  treated  as  before  and  the  haemolytic  reaction 
of  the  supernatant  fluids  tested. 

TABLE   V.     A. 


c.c. 


3. 
4. 

5. 

0. 

7. 

8. 


AbhorlHJil 
siTuiu  usftl  in 
haeiiiolytic  test 

1-2 

00 

0-3 

015 

0075 

003 

0015 

001 


Mouse  carcinonia  strain. 

Haeinulysis  after  abeurption  with 
Uaeiuolytic 
strength  before 
absorption 

40  A.u. 
20     „ 
10     „ 

5      :, 

2i  „ 

1     ..  8l.— tr. 


Mouse 

Rat 

carcinoma 

kidney 

C. 

c. 

n.c. 

>> 

jj 

»> 

m. 

>f 

si. 

»» 

n. 


s  »*  > 

TABLE   V.     B. 


n.c. 
si. 


Guinea-pig  kidney  serum. 

Haemolysis  after  absorption  with 


Absorbeil 

llaeiuolytic 

^ -^ 

-V 

serum  used  in 

strength  before 

Guinea-pig 

Rat 

haemolytic  test 

absorittion 

kidney 

kidney 

1. 

1-2      c.c. 

40  A.u. 

C. 

C. 

2. 

0-0        „ 

20     „ 

n.o. 

3. 

0-3        „ 

10     „ 

m. 

4. 

0-15      „ 

5     „ 

si. 

5. 

0075    „ 

2i  „ 

tr. 

6. 

003      „ 

1     „ 

n. 

7. 

0015    „ 

h  » 

»» 

n.c. 

8 

001      „ 

i» 

»* 

m. 
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T 

AI',LK 

V. 

c. 

Goat 

cri/throcytc 

8cruin. 

Alisciilii'i 
Kt'iMim  UNCI 
liiuMiiolytiu 

1 

IliU'iiKilytic 

Htl•oll^,'l  h  hoforu 

iibsorpliuii 

llac'iiiolyKiH  u 

flci 

) 

ul)Hor|ilioii  with 

1  ill 

tUHt 

(ioat 
crytlirocytcH 

llat 
kidney 

I. 

0() 

»» 

40  a 

.u. 

c. 

c. 

•) 

0-3 

•» 

20 

»> 

*» 

:{. 

01 5 

>» 

10 

ni. 

»> 

4. 

0075 

>> 

5 

8l. 

>» 

5. 

o-o;{ 

,, 

•> 

n. 

>» 

li. 

0  015 

>> 

1 

»» 

>> 

7. 

0  0075 

,. 

A 

>> 

ni. 

8. 

0-004 

1 

j> 

si. 

The  tables  show  that  the  supposition  was  right,  that  is  to  say, 
rat  kidney  emulsion  does  not  fix  the  amboceptors  practically  at  all ; 
so  that  one  amboceptor  unit  in  all  cases  still  caused  after  treatment 
nearly  complete  haemolysis.  So,  it  is  confirmed  that,  as  Morgenroth 
asserted,  the  fixation  reaction  is  specific. 

The  mouse  tumour  used  in  the  foregoing  experiments  has  throughout 
been  carcinoma. 

It  still  remained  to  be  seen  whether  mouse  sarcoma  serum  would 
behave  in  the  same  way.  For  this  purpose  serum  37  p.  was  used, 
and  exactly  the  same  method  applied  as  before. 

6.     Fixation  experiment.     Amboceptor  unit  of  serum  37  p. =0-02  c.c. 

It  is  regrettable  that  this  time  I  could  not  for  certain  reasons  use 
homologous  tumour  emulsion;  mouse  carcinoma  emulsion  had  to  be 
employed  instead. 

A.  2-0  c.c.  (100  A. u.)  of  the  serum +  2-0  c.c.  mouse  carcinoma  emulsion. 

B.  2-0  c.c.  (100  A. u.)  of  the  serum +  2-0  c.c.  guinea-pig  kidney  emulsion. 

Here  the  mixtures  amounted  to  4*0  c.c,  it  being  necessary  to  take 
2-0  c.c.  of  the  serum  in  order  to  obtain  100  amboceptor  units. 

After  absorption  the  haemolytic  reaction  was  carried  out  on  the 
supernatant  fluids. 

TABLE   VI. 

Mouse  sarcoma  serum. 

Haemolysis  after  absorption  witli 


Absorbed 
seruni  u.sed  in 
haemolytic  test 

Haemolytic 

streiigtii  before 

absorption 

Mouse 
carcinoma 

CJuinea-pig 
kidney 

1 

0-8    c.c. 

20A.U. 

C. 

m. 

2. 

0-4       „ 

10     „ 

a.c. 

»» 

3. 

0-2      „ 

5     „ 

m. 

si. 

4. 

0-1      „ 

2i  „ 

m. — si. 

tr. 

5. 

0-04    „ 

1  ,, 

sL 

n. 

0. 

0-02    „ 

h  w 

tr. 

»* 
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It  is  aeeu  tluit  guiiiea-pi^  kidney  fixes  the  amboceptors  of  mouse 
sarcoma  serum  better  tfian  mouse  carcinoma.  In  other  words,  it  seems 
that  the  former  contains  more  lysinoj^en  than  tlie  latter  for  the  ambo- 
ceptors of  sarcoma  37  p.  antiserum. 


III.     Transgression  Experiments. 

Tlie  cell-sediments  produced  by  centrifuj^ation  (either  mouse  tumour 
or  guinea-pig  kidney)  were  carefully  separated  from  their  supernatant 
fluids  and  10  %  suspensions  prepared  each  time  before  the  experiment. 
The  only  difference  was  that  the  quantity  of  suspension  consisted  of 
2-0  c.c.  while  Morgenroth  and  Biding  used  '2-5  c.c. 

1.     Transgression  experiment  with  mouse  carcinoma  serum. 

Here  the  sediment  obtained  in  fixation  experiment  1,  whose  protocol 
is  produced  here,  was  used. 

1-0  c.c.  (200  A. u.)  mouse  carcinoma  scrum +  2-0  c.c.  carcinoma  li)!>  emulsion  =  3-0  c.c. 
1*0  c.c.  (200  A.u.)  mouse  carcinoma  scrum  +  2-0  c.c.  guinea-pig  kidney  emulsion  =  3-0  c.c. 

To  the  sediments  produced  by  centrifugation  was  added  saline  to 
the  original  volume  (3-0  c.c).  With  diminishing  amounts  of  these 
cell  suspensions  0-5  c.c.  of  5  %  goat  erythrocytes  was  mixed;  after 
incubating  at  37°  C.  for  one  hour,  0-1  c.c.  complement  was  added,  and 
the  tubes  again  placed  in  the  hot  room  for  two  hours. 


The  following  table  shows  the  results 


TAl^LE 

VII 

. 

Amount  of 
tell  suspension 

Ilaemoly.sis 

ransj,'rt'ssion 

after 
witl 

Mouse 
carcinoma 

i; 

uinea  pig 
kidney 

1. 

1-0    C.C. 

sl.- 

-m. 

n.c. 

2. 

0-5    „ 

tr. 

m. 

3. 

0-3    „ 

n. 

>> 

4. 

0-2    „ 

»» 

si. 

5. 

01    „ 

>» 

tr. 

G. 

005  „ 

>» 

n. 

Both  suspensions,  but  especially  carcinoma  emulsion  retained  a 
considerable  quantity  of  the  fixed  amboceptors  and  gave  to  the  goat 
blood  cells  some  of  them  only.  In  other  words,  carcinoma  cells  fixed 
amboceptors  from  carcinoma  serum  more  permanently  than  guinea-pig 
kidney  did. 
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2.     Traiisj^Mcssion  ('X|)(Miin(Mit.  with  ^niiiicji-pi;^  Ividiicy  scrum. 
Hero  the  C(»ll  s(»(linHMitH  obtaiiioci  in  fixation  experiinent  2  as  shown 
in  tho.  foHowin^  ])n)t()('ol  wctc.  uaod : 

0*2  c.c.  (20()  A. IT.)  g»in(>a-|)i^  kidnoy  scrum  \-  2-0  cc.  miinca-pi^  kidin  y  <'iiinlHi()n  i  OH  cc 
Halino  =  3-()  o.c. 

0*2  CO.  (2(M)  A.r.)   guiiu>a-pij»    kidney    Horum +2-n  cc    inoiiHc   rarfinoma     l!>i)   cinulHion 
+  0-8  c.c.  saline     3-0  e.e. 

To  tho  sodinionts  was  addod  salino  to  the  original  volume  (3-0  c.c). 
Tho  haoniolytir  jiMcf ion  jiflci"  the  transfi^rossion  was  tested  in  tho  same 
wa)''  as  before. 

TABLE   VTTI. 


Ifaen 

lolysis 

after 

Amotint  of 

traiisgrcssior 

I  with 

(Juinea 

pig 

Mouse 

cell  siisiKMision 

kidney 

carcinoma 

1. 

l-Occ 

C. 

c. 

2. 

0-5    „ 

>» 

»» 

3. 

0-3    „ 

,, 

ft 

4. 

0-2    „ 

m. 

»» 

5. 

01   ,.. 

si. 

n.c. 

G. 

0-05  „ 

tr. 

m. 

The  amount  of  guinea-pig  kidney  suspension  which  caused  complete 
haemolysis  is  0-3  c.c,  while  that  of  carcinoma  suspension  is  0-2  c.c. 
Thus  it  is  seen  that  the  kidney  cells  have  bound  the  amboceptors  of 
the  kidney  serum  more  strongly  than  the  carcinoma  cells. 

3.     Transgression  experiment  with  mouse  sarcoma  serum. 

The  sediments  used  \vere  those  obtained  in  fixation  experiment  6, 
the  following  being  the  protocol : 

2-0  c.c.  (100  A.u.)  mouse  sarcoma  serum  37  p. +2-0  c.c.  mouse  carcinoma  190  emulsion 

=  4-0  c.c. 

2-0  c.c.  (100  A.u.)  mouse  sarcoma  serum  37  p.  +  2-0  c.c.  guinea-pig  kidney  emulsion  =4-0  c.c. 

The  haemolytic  reaction  after  transgression  w^as  carried  out  as 
before. 

TABLE   IX. 


Amount  of 
cell  suspension 

Haemolysis 
transgression 

after 
with 

Mouse 
carcinoma 

Guinea-pig 
kidney 

1. 

1-0  c.c. 

n.c. 

n.c. 

2. 

0-5    „ 

m. — si. 

m. 

3. 

0-3    „ 

si. 

si. 

4. 

0-2    „ 

tr. 

tr. 

5. 

01    „ 

.   n. 

n. 

6. 

0-05  „ 

n. 

n. 

Mouse  carcinoma  cells  and  kidney  cells  bound  the  amboceptors  of 
mouse  sarcoma  serum  37  p.  strongly  and  practically  to  the  same  degree 
— 1-0  c.c.  of  the  suspensions  not  causing  complete  haemolysis. 
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Conclusions. 

1.  Mouse  carcinoma  cells  fix  the  haeriiolytic  amboceptors  of  homo- 
logous serum  more  strongly  than  guiTiea-])ig  kidney  cells. 

2.  (ruiuea-pig  kidney  cells  fix  the  amboceptors  of  guinea-pig 
kidney  antiserum  more  strongly  than  mouse  carcinoma  cells. 

3.  Goat  blood  cells  are  capable  of  fixing  the  amboceptors  of  both 
sera  particularly  well. 

4.  However,  while  goat  blood  cells  can  naturally  absorb  goat 
haemolysin,  neither  carcinoma  nor  kidney  cells  have  any  power  of 
fixing  goat  haemolysin  practically  at  all. 

5.  Rabbit  and  rat  kidney  cells,  as  they  do  not  contain  the  lysinogen, 
do  iu)t  absorb  haemolytic  amboceptors  from  the  three  antisera. 

6.  This  fixation  reaction  is  therefore  to  be  regarded  as  specific. 

7.  Transgression  experiments  show  that  homologous  antigens 
bind  their  amboceptors  more  strongly  than  heterologous;  thus  in  all 
probability  there  is  no  complete  identity  between  the  haemolytic 
amboceptors  which  are  produced  by  immunising  rabbit  against  mouse 
tumours  -carciiu)ma  and  sarcoma  -and  guinea-pig  kidney.  It  will 
be  remembered  that  Morgeuroth  and  Bieling  could  not  establish  identity 
between  carcinoma  and  mouse  kidney  haemolysis. 

In  conclusion,  I  desire  to  express  my  thanks  to  Dr  Schlitze  for  his 
advice  in  the  course  of  this  work. 
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A   CONTUTBTTTTON   TO   THE   STUDY   OF 
AMBOC^KPT()I^S   AND    IIF/^FPTOI^S. 

THIRD  (^OMMUNTCIATION   ON    HETEROLOGOUS   IMMUNITY 
TO  MALIGNANT   MOUSE   TUMOURS. 

By    M.    TSURUMI. 

{The  Lister  Institute  of  Preventive  Medicine,  London,  *S.II^.) 

It  must  be  due  to  an  incidental  distribution  of  receptors  that  j^ninea- 
pig  organs  and  mouse  tumours  are  able  to  elicit  haemolysins  for  goat 
erythrocytes,  when  they  are  inoculated  into  rabbit,  because  antigens 
are  generally  found  in  common  only  in  closely  related  substances.  So, 
if  this  relation  exists  between  them,  there  arises  a  further  question, 
namely,  whether  they  may  not  be  able  to  evolve  other  mutual  antibodies ; 
in  other  words,  to  what  degree  they  may  have  antigenic  substances  in 
common.  I  have  already  noted  (1915)  that  mouse  tumour  antisera 
contain  complement  fixing  antibodies,  using  extracts  of  mouse  and 
alien  tumours  as  antigens.  Michaelis  and  Fleischmann  (1906)  reported 
that  rabbit  sera  immunised  against  guinea-pig  and  mouse  liver  fixed 
complement  in  the  presence  of  their  homologous  antigens,  namely, 
extracts  of  the  livers  of  guinea-pig  and  mouse.  Later,  Fleischmann 
and  Davidsohn  (1908)  published  an  extended  investigation  upon  the 
same  subject.  So,  it  is  easy  to  suppose  that  mouse  tumour,  guinea-pig 
kidney  and  goat  erythrocyte  antisera  contain  complement  fixing  anti- 
bodies. Haemagglutination,  also,  enters  into  the  question,  because 
the  sera  mentioned  above  are  all  haemolytic  for  goat  erythrocytes. 

I.     Complement  Fixation. 

The  immune  sera  employed  for  these  experiments  are  those  which 
were  used  for  a  previous  work,  namely : 

1.  Mouse  carcinoma  199  antiserum, 

2.  Mouse  sarcoma  37  p.  antiserum, 

3.  Guinea-pig  kidney  antiserum,  and 

4.  Goat  erythrocyte  antiserum. 
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All  are  uaturally  liaeinolytic  to  goat  blood  cells,  and  in  order  to 
carry  out  the  complement  fixation  reaction  with  these  sera,  it  was 
necessary  to  eliminate  the  haemolytic  amboceptors  from  them  (goat 
erythrocytes  being  used  in  the  haemolytic  system),  this  being  done  as 
follows : 

In  the  case  of  mouse  tumour  and  guinea-pig  kidney  sera,  goat  red 
cells  were  added  in  the  proportion  of  0-5  c.c.  goat  red  cell  deposit  obtained 
by  washing  with  saline,  to  1-0  c.c.  of  serum,  but  in  the  case  of  goat 
erythrocyte  serum  where  this  ([uantity  was  not  sufficient  (a.u.  =  0*()()1) 
it  was  necessary  to  absorb  twice  with  1-0  c.c.  of  goat  blood  cells  to 
1-0  c.c.  of  the  serum.  For  antigen,  watery  extracts  of  mouse  carcinoma 
and  guinea-pig  kidney,  and  alcoholic  extract  of  goat  blood  corpuscles 
were  employed.  To  prepare  alcoholic  goat  erythrocyte  extract  I  used 
V.  Dungern's  method  (1912). 

The  author  made  up  20  %  alcoholic  extract  from  human  blood 
corpuscles  in  order  to  test  complement  fixation  with  cancer  patient 
serum.  As  the  amount  to  be  used  he  suggested  0-4  c.c.  of  this  extract 
after  a  dilution  of  1  in  2  with  normal  saline.  In  the  present  case  the 
same  amount  of  alcoholic  goat  erythrocyte  extract  has  been  employed. 
Von  Dungern's  method  is,  however,  not  suitable  for  the  preparation  of 
mouse  tumour  extracts,  owing  to  precipitates  being  produced  in  some 
(piantity  when  dilution  with  saline  takes  place.  Consequently,  watery 
extracts  were  employed.  As  to  the  method  of  preparation,  healthy 
tumours  were  removed  from  animals  which  had  been  bled  out,  were 
cut  up  and  washed  with  normal  saline,  and  10  %  emulsions  by  weight 
of  the  tumour  cells  were  made  in  physiological  saline.  These  emulsions, 
after  being  kept  in  the  cold  room  for  two  days,  were  centrifuged  and 
0-4  c.c.  of  the  supernatant  fluid  employed  for  the  reaction — double 
the  quantity  having  been  found  not  to  interfere  with  complete  hae- 
molysis. With  guinea-pig  kidney  extract  the  same  method  exactly 
was  applied,  and  the  same  quantity  employed.  In  the  haemolytic 
system,  0-5  c.c.  of  5  %  goat  erythrocyte  suspension  prepared  from  the 
deposit  was  used.  The  complement  dose  w^as  0-5  c.c.  of  a  1  in  10 
dilution  of  normal  fresh  guinea-pig  serum. 

The  results  were  noted  after  the  tubes  had  been  at  a  temperature  of 
37°  C.  for  two  hours,  the  degrees  of  haemolysis  being  distinguished  as 
follows : 

c.      ^  complete  si.  =  slight 

n.c.  =  nearly  complete  tr.  =  trace 

m.    =  marked  n.  =  none 
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As  control,  it  is  necessary  to  test  for  complement  fixation  with 
normal  rabbit  serum,  usinji;  the  extracts  already  mentioned  as  antigens. 
Kor  this  purpose,  sera  from  several  normal  rabbits  were  taken  and 
examined  after  treating  with  goat  blood  cells  just  as  in  the  cases  of 
mouse  tumour  and  guinea-pig  kidney  antisera.  The  results  obtained 
from  three  of  the  rabbits  are  those  seen  in  Table  I. 

TABLE  I. 

Complement  fixation   by   normal   rabbit   serum   with   mouse   earcinoma^ 
guinea-pig  kidney  and  goat  erythroeyte  extracts. 


Inactivated  nuriual 
rabbit  serum 

Mouse  carcinuina 
extract  0-4  C.C. 

(Juiiiea-pig  kidney 
extract  0  4  C.C. 

(ioat  erytlirocyte 
extract  0  4  C.C. 

1. 

01       C.C. 

C. 

0. 

C. 

2. 

005      „ 

>> 

>> 

>f 

3. 

0-025    „ 

j> 

j> 

it 

4. 

001      ,. 

)> 

It 

Two  further  rabbits,  however,  gave  different  results,  being  those 
shown  in  Table  II. 

TABLE    II. 

Complement  fixation   by   normal   rabbit  serum   with   mouse   carcinoma, 
guinea-pig  kidney  and  goat  erythrocyte  extracts. 

Goat  erythrocyte 
extract  0  4c.c. 

c. 


Inactivated  normal 
rabbit  serum 

Mouse  carcinoma 
extract  0*4  c.c. 

Guinea-pig  kidney 
extract  0  4  c.c. 

1. 

0-1       C.C. 

m. 

m. 

2. 

0-05      „ 

n.c. 

n.c. 

3. 

0-025    „ 

c. 

c. 

4. 

001      „ 

>j 

j» 

As  the  tables  show,  normal  rabbit  serum  either  does  not  contain 
complement  fixing  antibodies  or  does  so  to  a  very  small  extent. 

The  reaction  carried  out  with  sera  immunised  against  mouse  tumour, 
guinea-pig  kidney  and  goat  blood  corpuscles  however  gave  the  following 
results : 

TABLE  III. 

Complement  fixation    by   goat    erythrocyte    antiserum    with    homologous 
antigen  and  guinea-pig  kidney  and  mouse  carcinoma  extracts. 


Goat  erythrocyte 
antiserum 

Homologous 
extract  0  4  c.c. 

Mouse  carcinoma 
extnict  04  c.c. 

Guinea-pig  kidney 
extract  0  4  c.c. 

1. 

0-1      C.C. 

n. 

n. 

n. 

2. 

0-05      „ 

5J 

»> 

»» 

3. 

0025    „ 

»» 

sl. 

i* 

4. 

0-01      „ 

sl. 

m. 

sL 

6. 

0-005    „ 

m. 

n.c. 

m. 

6. 

0-0025  „ 

c. 

c. 

c. 

7. 

0-001    „ 

>> 

>> 

ft 

:J6s 
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TABLE   IV. 


Complement  Jixalion  by  mouse  carcinotna  atitiserum  with  koinoloijous 
antigen  and  yuinea-pig  kidney  and  goal  erythrocyte  extracts. 


Muuse  cai'cinuiuii 
antiserum 

Huiiiolugous 
extract  U'4c.c. 

(iuiuta  pi^'  ki« 
extract  U  4c 

Iney 
c. 

(;out  erythrocyte 
extract  0  4  c.c. 

1. 

01      c.c. 

n. 

n. 

n. 

2. 

005      „ 

»> 

tr. 

m. 

3. 

0025    „ 

>j 

m. 

0. 

4. 

001      „ 

»> 

0. 

1) 

5. 

0005    „ 

m. 

»» 

»> 

6. 

0  0025  „ 

0. 

» 

»» 

7. 

0-001    „ 

TABLE 

V. 

»» 

»» 

Complement  fixation   by  guinea-pig   lidney  antiserum    with  homologous 
antigen  and  mouse  carcinonuf  and  goat  erythrocyte  extracts. 


(;uinea-j)ii,' 
kidney  antiserum 

llo 
oxti 

moloK'DU.s 
act  0  4  c.c. 

Mouse  carcinoma 
extract  0  4  c.c. 

(!oat  erytlu-ocyte 
extract  0  4  c.c. 

1. 

0-1      c.c. 

n. 

tr. 

n. 

2^ 

005      „ 

»t 

si. 

*> 

3. 

0025    „ 

»» 

m. 

»» 

4. 

001      „ 

>> 

n.c 

8.1. 

5. 

0005    „           • 

tr. 

0. 

m. 

0. 

00025  „ 

m. 

tf 

0. 

7. 


0  001 


c. 


Complement  fixation  tests  with  these  sera  gave  with  all  three  extracts 
positive  results,  although  the  sera  deviated  complement  most  strongly 
with  their  homologous  antigens.  In  the  case  of  goat  erythrocyte  serum 
this  last  is  least  marked,  possibly  owing  to  the  removal  of  a  certain 
amount  of  the  more  specific  complement  fixing  antibody  during  the 
absorption  with  red  cells. 


II.     Haemagglutination. 

The  question  as  to  the  relationship  between  haemolysis  and  haemag- 
glutination does  not  seem  settled  yet.  Ehrlich  and  Morgenroth  (1913) 
who  deny  that  haemagglutination  is  a  prelude  to  haemolysis,  as  Bordet 
(1913)  and  Baumgarten  (1913)  believe,  assert  that  both  antibodies 
can  coexist  independently  in  the  same  antiserum. 

Forssman  (1911)  has  described  haemagglutination  on  goat  erythro- 
cytes with  guinea-pig  kidney  antiserum,  but  he  did  not  give  an  exact 
account  of  his  observations.  It  remained  to  be  seen,  therefore,  if 
guinea-pig  kidney  and  mouse  tumour  antisera  contain  haemagglutinins, 
as  well  as  haemolysins,  for  goat  erythrocytes. 


The  tnothods  (Miijjloycd  were  as  follows: 

The  immune  sera  were  inactivated  by  heating  in  the  incubator  at 
5G°C.  for  half  an  hour.  The  5%  suspension  of  red  corpuscles  was 
prepared  in  the  same  way  as  for  the  preceding  experiments.  To  each 
of  the  test  tubes  containing  diminishing  amounts  of  inactivated  immune 
serum  made  uj)  to  1  c.c.  with  normal  saline,  0-5  c.c.  of  5  %  erythrocyte 
suspension  and  0-5  c.c.  of  normal  saline  were  added.  After  incubation 
the  tubes  were  placed  at  room  temperature  and  the  following  morning 
the  results  were  read,  the  degrees  of  haemagglutination  being  distin- 
guished as  follows: 

+  +  +  =  very  distinct  ±  =  doubtful 

+  +  =  distinct  —  =  negative 

+  =  positive 
The  normal  rabbit  sera  used  in  the  complement  fixation  tests  served 
as  control. 

TABLE   VI. 

Haemagglutination  of  goat  erythrocytes  by  normal  rabbit  sera. 

5  per  cent,  goat 
blood  corpuscles  Normal  saline  Result 

0*5  C.C.  0-5  c.c.  - 


1  c.c.  of  serum 
diluted 

1. 

1:5 

2. 

1  :10 

3. 

1  :20 

4, 

1  :40 

Normal  rabbit  serum  is  thus  seen  not  to  contain  haemagglutinin 
for  goat  erythrocytes  at  all. 

The  following  tables  show  the  same  reaction  carried  out  with  various 
goat  red  cells,  guinea-pig  kidney  and  mouse  tumour  antisera. 

TABLE   VIL 

Haemagglutination  of  homologous  erythrocytes  by  goat  erythrocyte  antisera. 

Goat  erythrocyte  serum 


Ic.c.  of 

scrum 

diluted 

57,  goat 

blood 
cori)uscles 

Normal 
saline 

Dilution 

No.  1 

A.u.=oooi 

No.  2 
.\.U.=0001 

No.  3 
.v.u.  ^00025 

1. 

1:5 

0-5  C.C. 

0-5  c.c. 

:  10 

+  +  + 

+  +  + 

+  +  + 

2. 

1  :  10 

>> 

»» 

20 

+  +  + 

+  +  + 

+  +  + 

3. 

1  :20 

»> 

>» 

40 

+  +  + 

+  +  + 

+  +  + 

4. 

1  :40 

,- 

>> 

80 

+  +  + 

+  +  + 

+  + 

5. 

1  :80 

j> 

KiO 

+  +  + 

db 

-f 

«. 

1  :  100 

,, 

»> 

320 

+  + 

- 

- 

7. 

1  :320 

JJ 

»> 

040 

+ 

- 

- 

S. 

1  :  ()40 

>> 

1280 

- 

- 

- 
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TABLK    Vlll. 

tlat'inatjijlaUtuiU'jn  of  ijoal  blood  corpuscles  by  (juinea-piy  kidney  anttseni 


lu.c.  of  57,  goat 

serum 


Uuiiiea  pig  kiduey  tuiruiii 


blouiJ                Normal  No.  1  No.  2.                  No.  3 

liilutcil  corpuscles  saline  Dilution  A.U.-OUUl         a.u.  =  OOUo  a. l.     0005 

1.  1:5  0-5  c.i'.  0-5  e.c.  I  :  10 

2.  1  :  10                ,.                     „                  I  :  20  _  -                     _ 

3.  1  :  20  „  „  1  :  40 

4.  1  :  40  „  „  1  :  SO 

5.  I  :  80                 „                      „                  I  :  KiO  _  «                      _ 
t).          1  :  ItiO               „                      „                  1  :  320  _  _                      _ 

7.  1  :  320  „  „  1  :  640 

8.  1  :  040              „                     „                 1  :  1280  _  _                     _ 

TABLE   IX. 

Haenuiyglalination  of  goat  blood  corpuscles  by  mouse  tumour  antisera. 


1  f.r.  of  jjeruni 
(liluteil 

5  /,  f,'oat 

blood 
corpuscles 

Normal 
saline 

Dilution 

Mouse  ciirci 
noma  serum 
A.U.-0  005 

Mou.se  sar- 
coma serum 
A.u.=0  02 

1. 

1  :5 

0-5  CO. 

0-5  c.c. 

1:10 

— 

- 

2. 

1  :  10 

«> 

»> 

1:20 

- 

- 

3. 

1  :20 

»» 

»> 

1:40 

- 

- 

4. 

1  :40 

'» 

>i 

1  :80 

— 

- 

5. 

1  :80 

t> 

»> 

1  :  100 

- 

- 

G. 

1  :  UiO 

i> 

»> 

1  :320 

- 

- 

7. 

1:320 

»> 

>i 

1:040 

- 

- 

8. 

1  :t)40 

»> 

»> 

1  :  1280 

- 

- 

The  tables  show  that  goat  erythrocyte  antiserum  certainly  contains 
a  haema«]:«j:liitinin  for  goat  blood  corpuscles  but  that  guinea-i)ig  kidney 
and  mouse  tumour  antisera  do  not.  In  other  words,  the  receptors 
which  are  able  to  produce  haeniagglutinin  for  goat  blood  cells  are  not 
distributed  in  guinea-pig  kidney  and  mouse  tumours.  One  must  there- 
fore conclude  that  as  the  antigens  for  haemagglutinins  and  haemolysins 
for  the  same  blood  cells  do  not  always  exist  side  by  side,  but  can  be 
fomid  separated  from  one  another,  haeinagglutination  is  not  necessarily 
a  prelude  to  haemolysis. 

Summary. 

By  using  w  atery  extracts  of  mouse  tumours  and  guinea-pig  kidney, 
and  alcoholic  goat  erythrocyte  extract,  it  has  been  shown  that  mouse 
tumour,  guinea-pig  kidney  and  goat  erythrocyte  antisera  contain 
complement  fixing  antibodies  for  all  three  extracts,  although  the 
reaction  is  most  evident  when  the  homologous  antigens  are  employed. 


M.  IVuRiTMi  n71 

(Joiit  (Mvtlinx  ytc  aiitisciuiii  a,<,'<,Miitinatos  f^'oat  blood  corpuHclos 
stroii^My  wliih'  <,niiii('a  pii^  kiduoy  and  iiiouHo.  tumour  H(Ta  do  not  contain 
lia(Mnii.«r<:luliiiiu  a.l  all.  IhuMiuigj^dutinatiou  is  thoroforc  not  to  he 
ro^ardcd  as  a,  prcliuh*  to  haoinolysis;  tlx'  a,utibodics  for  botli  pioccssos 
can  oxist  ind(^})ond(Mitly  of  one  another.  It  has  thus  been  seen  that 
mouse  tumour,  <j;uinea-pi<>:  kidney  and  ^oat  erytlirocytes  have  in  common 
the  ])ro])erty  of  pro(lucin<^^  when  inoculated  into  the  rabbit,  besidc^s 
haemolyt  ic  amb()ce])t()rs,  complement  fixin*,'  antibodies,  but  re(;ef)tors  for 
goat  haematjjt^lutinins  cannot  be  found  in  either  guinea-pi^'  kidney 
or  mouse  tumours. 

For  his  advice  and  assistance  in  carrying  out  this  work  I  desire  to 
thank  Dr  Schiitze. 
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THE  RELATION  BETWEEN  1HE  HATCHING  OE 
THE  EGGS  AND  THE  J)E\'EL()PMENT  OE  THE 
LARVAE  OE  STEdOMYIA  FA  SO  I  AT  A  (A  EVES 
CALOPUS),  AND  THE  PRESEN(  E  OE  BA(  TERIA 
AND  YEASTS. 

By  K.  E.  ATKIN  and  A.  BACOT, 

Of  the  Lister  Institute  of  Preventive  Medicine. 

TNTROnrCTION. 

The  clearing  action  of  mosquito  larvae  in  turbid  Avater  and  their 
scarcity  or  absence  in  clean  water,  is  an  old-established  popular  belief 
in  mosquito  ridden  districts  of  both  the  old  and  new  world.  If  the 
presence  of  certain  species  of  Anopheles  larvae  in  clear  running  water, 
where  they  doubtless  feed  on  algae,  be  excepted,  it  is  probable  that 
this  seneral  observation  is  in  the  main  correct.  The  fact  that  numbers 
of  mosquito  larvae  are  frequently  present  in  the  small  collections  of 
clear  water  which  occur  in  the  cut  ends  of  bamboos,  the  axils  of  leaves, 
or  the  smaller  rock  or  root  pools,  is  an  a[)parent  but  not  a  real  contra- 
diction of  the  correctness  of  this  popular  belief,  because  in  these  instances 
one  of  two  possibilities  may  have  occurred.  Either  the  large  number  of 
dormant  eggs  which  hatched  when  rain  first  tilled  the  receptacle  was 
sufficient  to  check  and  control  bacterial  or  yeast  development  from  the 
start,  or,  as  is  more  likely  in  the  case  of  root  or  rock  pools,  the  turbidity 
due  to  bacteria  or  yeasts  had  been  rapidly  cleared  as  the  rapacity  of  the 
quickly  growing  larvae  increased  beyond  the  source  of  nutriment. 

Mitchell  (1907),  referring  to  Stegounjia  fisciata,  says  it  is  pre- 
eminently a  bacteria-eating  ''wriggler,''  presumably  on  the  strength  of 
the  know7i  fact  that  the  larvae  develop  rapidly  in  sewage-contaminated 
water. 

Howard,  Dyar,  and  Knab  (1912)  mention  bacteria  as  fonning  food 
for  mosquito  larvae  in  general  terms,  stating  that  the  spores  of  algae, 
particles  of  dust,  bacteiia,  protozoa,  minute  acjuatic  animals  of  many 
different   kinds   are   swallowed.     They   specifically   mention   that   the 
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hirvae  of  Aedcs  avc  lar«(o,ly  ])ottoin  foodors  and  may  be  seen  vi^'orouHly 
\v()rkin<r  over  (h^ad  leaves  and  ve^Mitable  debris  with  their  mouth  organs, 
a})])arently  removin^r  (he  l'un<,'()id  ^n-ovvth  which  covers  them. 

Boyce  and  Lewis  (li)H))  showed  that  the  presence  of  mos(|iiito 
larvae  added  to  clean  watci-  led  to  an  increase  in  the  number  of  bacteria. 
Unfortunately  the  authors  have  not  put  on  record  the  methods  they 
pursued  in  arrivin<>:  at  this  result,  consequently  we  are  left  in  doubt 
as  to  wliether  certain  very  necessary  precautions  to  avoid  fallacies 
were  taken  or  not.  For  instance  it  is  not  stated  in  what  stage  or  from 
what  source  the  larvae  they  added  to  the  clean  water  were  taken, 
while,  unless  these  factors  were  carefully  controlled,  there  would  be  (as 
pointed  out  by  the  authors  of  the  Carnegie  Monograph  on  the  Mos- 
quitoes of  North  and  Central  America  1912)  grave  danger  of  the  intro- 
duction of  organic  matter  voided  from  the  larval  gut.  The  fact  that 
an  increase  of  bacteria  followed  the  introduction  of  the  larvae  is  there- 
fore no  valid  argument  against  the  popular  belief  of  the  clearing  action 
of  the  mosquito  larvae,  unless  the  larvae  had  been  introduced  imme- 
diately after  hatching,  or  just  after  a  moult;  the  hatching  of  the  eggs 
or  moulting  of  the  larvae  having  taken  place  in  comparatively  large 
quantities  of  clean  water. 

Bacot  (1916)  carried  out  a  number  of  carefully  planned  experiments 
in  Freetown,  Sierra  Leone,  using  newly  hatched  larvae  of  S.  fasciata, 
with  a  view  to  ascertaining  the  amount  and  nature  of  the  food  con- 
sumed by  the  larvae  and  w^hether  bacterial  development  in  the  breeding 
pans  w^as  a  factor  in  the  problem.  He  found  that  there  existed  a  very 
definite  relation  between  the  development  of  bacteria  and  the  gro\vth 
of  the  larvae.  Subsequently,  on  his  return  to  England,  he  discovered, 
as  detailed  in  a  footnote  to  his  report  (see  Experiments  I  and  II),  that 
water  highly  charged  wdth  organic  matter,  and  sw^arming  with  bacteria, 
exerted  a  powerful  stimulus  to  hatching  on  eggs  wdiich  had  not  responded 
to  immersion  in  clean  w^ater.  The  suggestion  in  his  report  that  the 
bacteria  themselves  formed  food  for  the  larvae  was  based  on  the  clear- 
ing action  they  displayed  in  water,  rendered  turbid  by  its  enormous 
bacterial  content,  in  conjunction  with  the  fact  that  the  gut-contents  of 
larvae,  taken  from  this  water,  showed  only  a  few  bacteria  per  field  in 
contradistinction  to  the  crowded  fields  displayed  when  water  in  w^hich 
the  larvae  swam  was  examined.  It  being  deemed  impossible  that 
bacteria  could  be  excluded  when  the  larvae  were  sweeping  small  par- 
ticles of  matter  into  their  mouths,  the  explanation  of  their  scarcity 
must  therefore  depend  upon  their  rapid  digestion. 

Parasitology  ix  32 
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A  few  rou^h  experiments  in  which  masses  of  bacteria  and  yeasts 
scraped  from  the  surface  of  agar  cultures  were  dropped  into  water 
containing  larvae,  showed  that  the  larvae  congregated  round  and 
greedily  devoured  them.  Their  jaws  were  evidently  used  to  tear  and 
disrupt  the  clumps  of  organisms,  while  the  turbid  cloud  which  formed 
round  the  struggling  crowd  of  larvae  was  rapidly  dissipated,  presum- 
ably by  the  sweeping  action  of  their  mouth  brushes. 

Before  describing  the  experiments  and  discussing  their  results,  some 
preliminary  explanations  are  necessary.  For  the  sake  of  those  readers 
who  have  no  practical  knowledge  of  mosquito  breeding  it  is  necessary 
to  state  that  the  conditions  favourable  for  rearing  the  adults,  though 
simple,  require  some  nicety  of  adjustment  for  success,  when  the  breed- 
ing pans  are  small.  The  essential  points  are  temperature,  the  amount 
of  nutriment  in  relation  to  the  quantity  of  water,  and  the  number  of 
larvae  in  relation  to  both  the  latter  factors.  The  temperature  through- 
out the  experiments  under  sterile  conditions  was  75°  F.  which  if  not 
quite  high  enough  to  give  the  speediest  passage  from  egg  to  adult,  is 
quite  favourable  for  the  species. 

The  amount  of  nutriment,  and  number  of  larvae  in  proportion  to 
the  quantity  of  water  were,  however,  in  some  of  our  experiments  highly 
artificial. 

In  Bacot's  report  (1916)  referred  to  above,  the  adjustment  of  these 
factors  is  dealt  with  from  the  aspect  of  the  rearing  of  healthy  adults. 
With  the  present  research  such  careful  adjustment  was  often  neither 
possible  nor  necessary,  the  actual  number  of  adults  reared  being  alto- 
gether of  secondary  importance  to  the  hatching  of  dormant  eggs,  and 
the  relative  speed  of  larval  growth.  Healthy  conditions  for  the  larvae 
occur  when  they  are  able  to  hold  bacterial  multiplication  in  check,  when 
they  do  this  very  thoroughly  their  progress  is  slow  and  steady,  if  they 
hold  it  slightly  in  check  their  development  is  more  rapid,  while  in 
cases  where  the  balance  of  forces  is  delicate,  larval  growth  is  apt  to  be 
very  rapid,  resulting  in  a  life  or  death  race  between  them  and  the  growth 
of  bacteria.  It  mattered  but  very  little  if  this  balance,  which  could  not 
in  many  cases  be  readily  foreseen,  resulted  in  the  destruction  of  the 
larvae  before  the  completion  of  their  development  owing  to  the  exuber- 
ance of  bacterial  grow^th.  While,  although  the  lagjjjing  or  eventual 
starvation  of  the  larvae  from  lack  of  sufficient  nourishment  in  some  of 
the  more  narrowly  adjusted  experiments  is  regrettable,  it  need  not  lead 
to  any  confusion  so  long  as  it  is  borne  in  mind  that  the  comparison  of 
speed  in  growth  must  be  made  between  the  larvae  in  tubes  of  the  same 
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series  and  not  with  tlntsc  in  sonic  otiicr  rxpci-inu^iits  in  which  the  con- 
ditions oi-  ini'di;!  dilTncd. 

With  remind  to  the  hjitcliin*^'  of  <^^'<,'.s,  much  prcliniinjirv  work  was 
done  by  l^jicot  in  Sierra  Lconc-  which  is  fully  dcstailed  in  iiis  report 
(19J6),  but  for  the  betu^lit  of  those  who  have  not  had  any  opportunity 
of  perusin<jf  it,  the  main  facts  may  be  briefly  recapitulated  as  follows: 

The  egos  of  Sicgotnyia  fasciata  are  small  black  spindle-shaped  objects 
of  0-630  to  O-OoOmm.  in  length,  by  about  0-160  ram.  in  width  if  of 
average  size.  The  shell,  which  is  highly  chitinized,  is  covered  with  a 
delicate  cellular  reticulation  and  from  the  central  area  of  a  large  number, 
if  not  of  all,  the  cell  spaces  rise  small  rounded  bosses,  which  sections  of 
the  egg  show  to  be  gelatinous,  and  not  merely  the  bulgings  of  the  chitin 
wall  of  the  egg.  The  eggs  are  deposited  by  the  females  singly,  either 
on  the  water  surface  or  the  wet  margins  of  objects  in  or  surrounding 
the  water  surface ;  no  doubt  capillary  action  is  responsible  for  the 
stranding  of  raany  eggs.  Incubation  is  complete  after  a  period  of  30 
to  50  hours  according  to  the  temperature,  and  Bacot  states  that  it  is 
necessary  that  the  surface  of  the  egg  be  kept  moist  while  incubation  is 
in  progress.  McGregor  (1916)  seems  also  to  have  experienced  this 
necessity.  After  incubation  the  eggs  now  containing  living  larvae  may 
be  dried  and  remain  dry  for  many  months,  without  losing  their  vitality. 
Hatching  on  immersion,  after  incubation  and  drying,  is  generally  erratic, 
a  few  eggs  or  a  number  may  hatch  within  a  few  minutes;  some  will 
take  hours,  while  others  will  remain  dormant  under  water  for  days, 
weeks,  and  even  months,  and  yet  eventually  yield  healthy  larvae. 

The  quantity  of  water  in  which  the  eggs  are  immersed  makes  no 
appreciable  difference,  nor  does  the  age  of  the  female,  or  whether  the 
eggs  were  of  a  late  or  early  batch.  Changing  the  water  in  which  the 
eggs  were  laid  had  no  effect  when  the  fresh  water  was  from  the  same 
source  and  of  the  same  temperature,  but  a  fall  in  the  temperature  of 
the  water  in  which  the  eggs  were  lying,  exposure  to  cool  air  for  a  few 
minutes  followed  by  reimmersion  in  the  same  water  acted  as  a  stimulus 
to  the  hatching  of  a  varied  percentage  of  the  dormant  eggs.  The  effect 
of  cooling,  however,  seldom  caused  more  than  a  small  percentage  of 
the  dormant  eggs  to  hatch  and  sometimes  had  no  effect.  The  immersion 
of  incubated  eggs  before  they  had  been  allowed  to  dry  and  others  of  the 
same  batch  after  drying,  gave  divergent  results^ 

1  Although  we  have  not  yet  followed  this  point  up  by  planned  experiments  we  have 
some  reasons  for  supposing  that  the  divergence  may  be  due  to  bacterial  action,  during 
or  immediately  following  incubation. 
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Preliminary  Notes. 

The  expei'inieiits  on  which  this  paj)ei'  is  btis<'(l  were  carried  out  in 
intervals  ot"  time  durinj^  the  course  of  other  work,  wliich  in  view  of  the 
war  was  of  more  immediate  importance,  although  the  actual  delay 
which  resulted  from  this  cause  was  not  serious,  because,  owing  to  the 
slow  growth  of  larvae  in  some  experiments,  and  the  lengthy  periods 
during  which  eggs  remained  dormant  in  others,  slow  progress  was 
inevitable.  From  another  aspect,  however,  the  length  of  the  gaps, 
extending  in  some  instances  over  several  months,  between  an  initiatory 
experiment  and  its  repetition,  exerted  a  considerable  influence  on  the 
final  results,  introducing  an  element  of  uncertainty  as  to  the  nature  of 
the  cause  to  which  divergent  results  were  due.  For  instance,  the 
action  of  killed  cultures  and  sterile  extracts  on  dormant  eggs  is  not 
consistent  (in  an  earlier  and  later  series  of  experiments)  and  it  remains 
a  matter  of  opinion  whether  the  contradictory  nature  of  the  results 
arises  from  the  treatment  of  the  eggs,  the  conditions  to  which  the 
parents  were  exposed,  or  the  fluctuations  in  their  heredity,  which  is 
possibly  adjusted  to  the  needs  of  climatic  conditions  in  the  natural 
habitat  of  the  race  of  S.  fasciata  experimented  with. 

The  bacterial  side  of  the  research  was  greatly  hampered  in  that  one 
of  us  had  to  drop  all  practical  help  in  research  owing  to  war  work  at 
a  distance  from  the  Institute,  and,  although  he  continued  to  act  in  an 
advisory  capacity,  it  was  not  possible  in  his  absence  to  follow  various 
interesting  points  or  to  determine  the  species  of  the  bacteria  and  yeasts 
which  appeared  in  the  course  of  the  experiments. 

It  is  perhaps  necessary  to  add  a  word  of  ex])lanation  in  regard  to 
the  use  of  the  w^ord  ''sterility."  When  w'orking  with  a  delinite  species 
or  group  of  bacteria  for  wdiich  the  suitable  conditions  of  temperature 
and  description  of  media  are  charted,  the  word  "sterility"  has  a  definite- 
ness  wdiich  hardly  applies  to  this  work.  As  here  used  the  word  refers 
to  a  failure  of  the  organisms  to  make  their  presence  apparent  under 
circumstances  conditioned  to  the  needs  of  the  mosquito  larvae.-  Cul- 
tural tests  for  sterility  were  carried  out  wath  tubes  of  peptone  broth 
and  agar  slopes  for  bacteria ;  in  the  case  of  yeasts  with  tubes  of  wort 
agar.  In  many  cases  experimental  tubes  which  repeatedly  gave  sterile 
results  when  the  inoculation  was  performed  with  a  platinum  loop  were 
proved  to  be  infected  when  the  test  was  carried  out  with  a  Pasteur 
pipette  which  transferred  0-25  to  0-5  c.c,  sho\ving  how  slight  the  infec- 
tion really  was,  either  owing  to  the  unsuitability  of  the  temperature  or 
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modiuin  for  tlu'  ori^Miiis!!!,  or  more  [)rol)Jil)ly  to  tlu^  clearing  iiclioii  ol 
tlie  larvae.  In  other  cases  wlieii  infection  was  suspected  owing  to  the 
progress  of  Iar\  ae  in  comparison  with  their  fellows  which  had  hatched 
from  eggs  of  the  same  hatch  in  other  tubes,  it  was  only  proved  when 
cultivations  on  agar  were  made  with  (piantities  of  0-25  to  0-5  c.c.  and 
the  tubes  w(Me  iiicu])ate(l  at  dO"  to  75"  K.  Ft  is  further  significant  that 
larvae  from  the  same  batcli  of  eggs  might  in  one  tube  make  no  progress 
at  all  while  in  a  similar  tube  perceptible  progress  would  take  place, 
only  to  cease  before  the  third  instar  was  attained,  raising  a  suspicion 
of  the  presence  of  an  infecting  organism  which  either  died  out  or  was 
killed  off  by  the  larvae,  which  subsequently  starved.  These  facts 
suggested  that  when  eggs  hatch  the  conditions  are  seldom  if  ever  really 
sterile,  but  that  the  organism  responsible  for  the  stimulus  is  unable  to 
colonize  the  tube  owing  to  small  numbers  or  want  of  adjustment 
between  itself  and  the  conditions.  On  the  basis  of  this  suggestion  the 
difference  between  hatching  and  no  growth  on  the  part  of  the  larvae  and 
slight  growth  preceding  death  w^ould  be  explained  by  the  yeast  or 
bacterial  infection,  probably  due  to  infection  from  the  eggs,  dying  out 
immediately  in  the  former  instance  and  more  gradually  in  the  latter, 
possibly  owing  to  the  action  of  the  larvae. 

Nevertheless,  in  spite  of  our  frequently  correct  suspicion,  that  larval 
growth  indicated  infection,  there  were  a  few  cases  in  which  adult  insects 
were  reared  under  sterile  conditions — the  final  tests  being  to  transfer 
the  dead  mosquito  from  the  tube  in  which  it  had  been  reared  and  died 
to  a  tube  of  peptone  broth  in  which  it  was  allow^ed  to  remain  for  a  week 
or  more  under  a  variety  of  conditions  of  temperature.  In  these  cases 
only  one  or  two  adults  resulted  from  several  larvae,  and  the  possibility 
remains  that  the  real  source  of  nutriment  was  obtained  from  their  dead 
comrades.  This  last  surmise  is,  however,  at  issue  with  the  fact  that 
the  presence  of  dead  larvae  did  not  in  most  cases  enable  the  living 
survivors  to  complete  their  development. 

We  desire  ,to  take  this  opportunity  of  recording  our  thanks  and 
indebtedness  to  our  colleagues  on  the  Staff  of  the  Lister  Institute  for 
their  valuable  suggestions  and  advice,  especially  to  Dr  Harriette  Chick 
and  Professor  Harden,  without  whose  assistance  many  of  the  experi- 
ments could  not  have  been  carried  out. 
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Methods. 

Sterilization.  One  section  of  the  experiments  with  eggs  and  larvae 
was  carried  out  with  uusterihzed  eggs,  and  larvae  newly  hatched  from 
eggs  put  into  clean  water  which  were  invariably  found  to  be  infected. 
In  the  other  section  attempts  were  always  made  to  render  the  eggs 
sterile  before  use,  and  in  spite  of  a  number  of  probably  unavoidable 
failures  experience  showed  that  with  careful  })recauti(His  it  is  (|uite 
possible  to  work  under  sterile  conditions. 

The  following  methods  for  sterilizing  eggs  were  employed  : 

(a)  Eggs  were  placed  in  a  minute  cotton  bag,  dipped  into  2  % 
lysol  for  5-10  minutes  and  washed  in  boiled  water.  The  bottom  of 
the  bag  was  then  snipped  off  and  allowed  to  fall  into  a  tube  of  broth. 

This  method  gave  a  few  successful  results,  in  many  cases,  however, 
sterilitv  broke  down. 

(b)  Eggs  were  washed  in  warm  (about  90°  F.)  soft  soap  and  water 
for  15  minutes,  then  in  2  %  lysol  for  5-10  minutes;  in  boiled  water  for 
5  minutes  and  then  transferred  by  Pasteur  pipette  to  tubes  containing 
the  sterile  water  or  media.         ^ 

This  method  gave  many  successful  results,  but  there  were  some 
breakdowns  in  sterility,  chiefly  due  to  moulds  and  sporing  bacteria. 

((')  Eggs  were  washed  in  tap  water  by  using  a  fine  jet  in  a  deep 
pan  of  water;  they  were  then  pipetted  into  weak  lysol,  about  0-5  %, 
and  vigorously  washed  round  by  a  jet;  after  a  few  minutes  they  were 
transferred  to  2  %  lysol  and  the  stirring  by  jet  repeated.  After  this 
they  were  again  placed  in  0-5  %  lysol  and  then  into  boiled  water. 

Methods  (6)  and  (c)  were  varied  in  minor  detail  from  time  to  time. 

((/)  A  method  of  sterilization  by  formalin  vapour  was  tried,  but  it 
was  too  drastically  applied  in  the  first  instance,  the  larvae  dying  on 
emergence  from  the  egg.  Although  after  suitable  development  it  would 
possibly  have  given  favourable  results,  it  was  not  proceeded  with, 
owing  to  the  successful  results  obtained  with  (c). 

Towards  the  close  of  the  experiments  it  was  found  that  the  work 
of  sterilization  was  rendered  more  certain,  and  less  elaboration  of  the 
sterilizing  process  was  necessary  if  more  care  was  bestoAved  on  obtain- 
ing eggs  less  liable  to  be  covered  with  a  number  of  species  of  bacteria, 
more  especially  those  forming  spores.  Arrangements  were  therefore 
made  to  rear  the  parents  from  which  it  was  proposed  to  obtain  eggs 
for  experiment  under  conditions  which  rendered  the  presence  of  an 
infection  of  sporing  bacteria  and  moulds  less  likely.     A  breeding  pan 
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was  carefully  cleiiiit'd  and  a  iiuiiibcr  ol  larvae  were  washed  in  five  changes 
of  tap  water,  by  tliorough  agitation  and  violent  currents  set  up  by  a 
water-jot;  tlu're  is  little  danger  of  the  larvae  being  washed  out  of  a 
deep  pan,  us  they  invariably  k<M'p  at  the  bottom  when  the  water  is 
agitated.  They  wore  then  left  24  hours,  so  that  they  might  void  the 
contents  of  their  guts,  and  then  again  washed  in  two  or  three  changes 
of  water.  After  tliis  ])ro]iniinary  treatment  they  were  put  into  the 
clean  pan  and  fed  exclusively  on  broth  cultures  of  Bacillus  coli.  As 
a  result  of  this  procedure  the  percentage  of  breakdowns  in  the  sterility 
of  the  experimental  tubes  was  much  reduced. 

One  or  two  precautions  with  regard  to  pipetting  the  eggs  are  also 
advisable.  Floating  eggs  should  be  avoided,  and  single  detached  eggs 
alone  should  be  taken  up.  When  two  or  more  eggs  remain  attached 
after  immersion  in  the  lysol  there  is  a  probability  that  at  the  point  of 
attachment  a  portion  of  the  surfaces  will  not  have  been  completely 
sterilized.  The  reason  for  avoiding  floating  eggs  is  also  the  danger  of 
incomplete  sterilization.  In  order  to  get  rid  of  eggs  attached  to  each 
other,  the  eggs  may  be  sifted  through  motor  veil  gauze  or  any  other 
very  fine  gauze. 

The  whole  of  the  experiments  are  placed  as  an  appendix,  references 
to  them  only  being  given  in  the  text. 

Section  A.    Eggs. 

Effect  of  contaminated  water.     Unsterile  conditions. 

Experiments  I  and  II,  already  referred  to  on  page  483,  show  clearly 
the  powerful  action  of  water  charged  with  organic  matter  and  living 
organisms  on  dormant  eggs  which  failed  to  hatch  in  clean  water. 

Effect  of  alkaline  solutions — under  unsterile  and  sterile  conditions. 

Experiments  III  and  IV.  It  was  suggested  by  one  of  our  colleagues 
that  the  results  which  followed  the  addition  of  water  or  other  media 
charged  with  bacteria  or  yeasts  might  be  due  to  the  ammonia  content. 
Aggramonte  showed  (1902)  that  the  presence  of  lye  from  wood  ashes 
stimulated  the  early  hatching  of  the  eggs.  Two  trials  were  carried  out, 
one  under  unsterile  and  the  other  under  sterile  conditions.  From 
these  it  seems  quite  clear  that,  although  a  few  eggs  may  respond  to 
the  presence  of  alkaline  solutions  in  either  tap  or  distilled  water,  the 
effect  is  very  feeble  in  comparison  with  that  due  to  either  contaminated 
water  or  a  broth  culture  of  B.  coli. 
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Effect  of  acidity — sterile  conditions. 

Experiment  IX.  Early  in  the  course  of  the  experiments  the  possi- 
bility of  the  etteets  resisting  from  the  addition  of  liviii*^  bacteria  to 
media  such  as  peptone  water  or  peptone  brotii  beini^  due  to  acidity 
was  considered.  A  dilute,  solution  of  HC'l  adjusted  to  *^ive  an  acid 
reaction  similar  to  that  in  a  tube  in  which  the  growth  of  bacteria  caused 
the  eggs  to  hatch  produced  no  response  during  three  days  whiU^  the 
eggs  were  lying  dormant  in  tubes  of  peptone  water  and  ])e])tone  broth, 
but  within  IS  hours  of  the  im)Culation  of  these  tubes  with  bacteria  all 
the  eggs  hatched.  A  further  trial  with  another  tube  of  peptone  water, 
belonging  to  the  same  series,  in  which  the  eggs  had  been  dormant  for 
8  days,  also  showed  a  negative  result  during  a  period  of  48  hours.  The 
acid  addition  to  this  tube  was  increased  so  as  to  cause  a  much  more 
marked  reaction  than  that  in  the  first  trial.  After  inoculation  with 
bacteria  one  egg  hatched  within  18  hours  and  another  on  the  following 
day,  and  the  remaining  two  on  subsequent  days.  This  halting  response 
was  apparently  due  to  the  slow  and  feeble  development  of  the  bacteria, 
owing  to  the  extreme  acidity  of  the  tube.  The  larvae  in  the  tube 
made  relatively  very  slow  progress. 

We  conclude  from  the  results  of  the  five  experiments  that  the  marked 
response  of  the  eggs  w^as  due  to  the  presence  of  bacteria  or  their  pro- 
ducts, apart  from  either  the  acidity  or  alkalinity  produced. 

Effect  of  introduction  of  dfferent  living  bacteria  into  tubes  of  sterile 
media  such  as  peptone  water  in  which  the  eggs  are  lying  dorynant. 

Staphylococcus  pyogenes  aureus.  Experiment  IX  (page  506).  A 
tube  of  peptone  water  in  wliieh  eggs  had  been  lying  dormant  for 
15  days  was  inoculated  from  a  culture  of  aS.  aureus.  The  bacteria 
failed  to  grow  imd  the  eggs  did  not  hatch.  Two  days  later  the  inocu- 
lation was  repeated  from  the  same  culture,  this  time  with  success  and 
the  t'girs  all  hatched  within  10  hours. 

Bacillus  coli  communis.  Experiment  XI  (page  508).  A  tube  of 
peptone  water  in  which  eggs  had  remained  dormant  for  11  days  was 
inoculated  from  a  culture  of  B.  coli.  All  the  eggs  hatched  within  18 
hours. 

Experiment  XX.  In  a  tube  of  sterile  broth,  made  from  dead 
insects,  only  one  egg  out  of  a  number  hatched.  On  the  34th  day  a 
quantity  equal  to  about  1  in  7  of  filtrate  from  a  broth  culture  of  B.  coli 
was  added.     This  had  no  effect  on  the  dormant  eggs,  and  the  tube  on 
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the  :V.)l\\  (lay  was  iiioculalcd  I'lojii  n  Uv'mfr  culture  of  B.  coli.  The  dor- 
mant Oirir.s  hiitclHul  witliiu  a  lew  hours.  A  similar  result  followed  the 
iiiocuhitiou  of  a  tube  of  peptone  bi'oth  in  the  same  experiment  with 
li.  coli,  the  (\i:,i:s  hatchin^r  witliin  a  few  hours  of  the  introduction  of  the 
bacteria  after  they  had  laiii  dormant  for  .'>!)  days. 

In  Experiment  XXIII  several  instances  occur.  In  a  sterile  tube  of 
distilled  water  containin<r  1  part  in  6  of  a  filtrate  from  a  broth  culture 
of  B.  coli,  eggs  that  had  been  dormant  for  28  days  hatched  within  12 
hours  after  the  tube  had  been  inoculated  from  a  living  culture  of  B.  coli. 

In  a  sterile  tube  of  distilled  water  containing  1  portion  in  6  of  beef 
broth  the  eggs  hatched  on  the  50th  day  within  a  few  hours  after  the 
inoculation  of  the  tube  with  B.  coli.  A  similar  tube  was  infected  on 
the  60th  day  with  a  small  quantity  of  a  broth  culture  of  B.  coli ;  the 
eggs  hatched  within  10  to  15  minutes.  On  the  100th  day  of  the  experi- 
ment eggs  that  had  been  lying  dormant  in  a  tube  of  sterile  distilled 
water  hatched  within  10  minutes  of  the  addition  of  3  %  of  a  living 
culture  of  B.  coli. 

In  a  duplicate  tube  the  addition  of  3  %  of  a  recently  killed  culture 
of  B.  coli  caused  1  egg  to  hatch  out  of  11  within  15  to  20  minutes,  but 
no  more  hatched  within  an  hour  and  a  half,  when  the  addition  of  3  % 
of  a  living  broth  culture  of  B.  coli  caused  6  eggs  out  of  the  remaining 
10  to  hatch  within  15  minutes.  The  remaining  eggs  did  not  hatch  at 
all  and  were  most  probably  dead. 

Unidentified  bacteria. 

Cases  in  which  hatching  followed  the  breakdown  of  sterility  were 
frequent ;  instances  will  be  found  in  most  of  the  experiments,  in  manv 
cases  -two  or  more  tubes  containing  different  media  being  affected. 
Although  the  species  of  bacteria  were  not  identified  it  w^as  clear  from 
their  behaviour  when  sub-cultured  that  they  were  of  different  kinds ; 
some  developed  spores,  while  at  least  three  different  species  were 
present,  which  would  only  grow  at  a  temperature  below  80°  F. 

Apparently  any  species  of  living  bacterium  may  act  as  a  stimulus 
though  there  is  some  evidence  that  certain  species  act  more  ([uicklv 
than  others  (see  Experiment  XXIV).  It  is  also  significant  that  hatch- 
ing only  follows  inoculation  with  a  small  quantity  on  a  loop  after 
several  hours,  whereas  if  as  large  a  quantity  as  2  %  or  3  %  of  a  broth 
culture  is  added,  hatching  follows  as  a  rule  within  15  minutes.  There 
is  also  some  evidence  which  suggests  that  fresh  cultures  are  more 
effective  than  older  ones  of  two  or  three  weeks'  age. 
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Effect  of  the  introduction  of  living  yeast  cells. 

Experiment  XL  To  a  tube  of  peptone  water  in  wliicli  e^gs  had 
been  lying  dormant  for  15  days,  about  1  in  5  of  a  sterile  watery  extract 
of  brewers'  yeast  was  added.  No  result  followed  within  one  week, 
when  the  tube  was  inoculated  from  a  livin<;  yeast  culture.  All  the 
eijirs  hatched  within  a  few  hours. 

Experiment  XXII.  Some  of  the  eggs  placed  in  a  sterile  tube-  of 
distilled  water,  with  1  in  6  of  beef  broth  added,  remained  dornumt  for 
28  days.  A  small  nuiss  of  cells  from  a  culture  of  Saccharomyces  cere- 
visiae  on  wort  agar  was  added,  when  the  dormant  eggs  hatched  within 
a  few  minutes. 

In  the  same  experiment  7  tubes  of  distilled  water,  in  which  the 
eggs  had  lain  dormant  for  28  days,  were  subjected  to  th^  same  treat- 
ment, most  of  the  eggs  hatched  within  5  to  10  minutes. 

Experiment  XXI 11.  Eggs  that  had  been  lying  dormant  for  28  days 
in  a  tube  of  sterile  distilled  water,  containing  1  in  G  of  the  filtrate  from 
a  broth  culture  of  B.  coli,  hatched  within  10  minutes  of  the  introduction 
of  a  small  mass  of  living  cells  of  brewers'  yeast. 

In  the  same  experiment  (XXIII)  on  the  100th  day  3  %  of  sterile 
autolyzed  yeast  was  added  to  a  tube  of  sterile  distilled  water  in  which 
there  were  dormant  eggs.  One  egg  out  of  9  hatched  within  15  to  20 
minutes;  after  an  hour  and  a  half,  during  which  period  no  further 
eggs  hatched,  a  small  mass  of  living  yeast  cells  from  a  wort  agar  cul- 
ture was  added,  and  the  remaining  8  eggs  hatched  within  15  minutes. 

These  examples  afford  clear  evidence  of  the  stimulus  to  hatching 
exerted  by  living  yeast  cells.  In  Experiment  XI  the  yeast  used  was 
one  that  had  been  isolated  from  a  human  throat,  but  in  the  other  tests 
aS.  cerevisiae  was  used. 


Effect  of  the  presence  of  living  moulds. 

No  special  tests  were  carried  out  with  moulds,  but  during  the  course 
of  the  experiments  it  was  remarked  that  when  a  mould  developed  in  an 
otherwise  sterile  tube  many  if  not  all  the  dormant  eggs  hatched.  It  is 
apparently  possible  for  moulds  to  exert  this  influence  when  very  small 
and  quite  inconspicuous.  In  a  number  of  cases  in  which  eggs  had  lain 
dormant  for  several  days  their  hatching  was  quite  inexplicable  until 
a  tiny  white  speck,  which  proved  subsequently  to  be  a  growing  mould, 
was  noticed.  A  microscopic  examination  in  one  such  instance  showed 
the  hyphae  ramifying  over  the  surface  of  the  egg  shells.     Many  ex- 
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aniples  of  liatcliiii*^'  in  ;i))|)<iroiit  response  to  moulds  occurred  in  Experi- 
ment XXI  J. 

The  most  plausible  su«,'^estion  as  to  the  nature  of  the  stimulus  which 
induces  the  eggs  to  hatch  would  seem  to  be  that  of  a  scent  which  pene- 
trates to  the  larvae  lying  dormant  within  the  egg  shells  causing  them 
to  make  vigorous  movements  resulting  in  the  uncapping  of  the  egg. 
There  is,  however,  a  difhculty  h\  the  way  of  the  acceptance  of  this 
theory,  owing  to  the  partial  or  entire  failure  in  some  cases  of  killed 
cultures  or  filtrates  of  B.  coli  and  sterile  yeast  extracts  to  bring  about 
the  hatching  of  the  eggs.  This  subject  is  dealt  with  in  greater  detail 
in  the  following  section. 

The  effect  of  killed  bacterial  cultures;  sterile  filtrates  of  B.  coli 
a7id  extracts  of  brewers'  yeast. 

Until  nearly  the  close  of  the  experimental  work  no  results  had  been 
obtained  from  the  addition  of  killed  cultures  and  sterile  filtrates  of 
B.  coli  (see  Experiments  XIV,  XXI  and  XII).  On  one  occasion 
(Experiment  IX)  the  addition  of  about  17  %  to  20  %  of  a  sterile  auto- 
lyzed  extract  of  brewers'  yeast  caused  eggs  which  had  been  lying 
dormant  in  a  tube  of  peptone  water  for  a  month  to  hatch  within  one 
hour,  but  the  larvae  died  within  a  few  minutes.  In  Experiment  XI 
about  8  %  of  a  sterile  watery  extract  of  brewers'  yeast  was  added  on 
the  15th  day  to  a  tube  of  peptone  water  containing  dormant  eggs,  but 
no  action  having  resulted  within  a  week,  the  tube  was  inoculated  from 
the  culture  of  a  species  of  yeast  isolated  from  a  human  throat.  The 
eggs  hatched  during  the  following  night. 

When  sterilized  eggs  were  pipetted  into  tubes  of  distilled  water 
containing  2  %  or  3  %  of  an  autolyzed  extract  of  brewers'  yeast  (Ex- 
periments XVI  and  XVII)  hatching  was  not  general,  nor  did  hatching 
occur  any  more  freely  than  in  different  media  in  the  other  tubes.  In 
Experiment  XVII  larvae  continued  to  hatch  out  from  dormant  eggs 
over  long  periods.  In  one  case  eggs  that  had  remained  dormant  for 
over  90  days  hatched  without  any  interference  with  the  tube.  While 
in  another  instance  eggs  that  had  been  resting  for  126  days  hatched  on 
the  addition  of  boiled  distilled  water  to  three  tubes  which  were  almost 
empty  owing  to  evaporation. 

Experime7it  XXI.  None  of  the  eggs  in  two  tubes  of  an  autolyzed 
extract  of  brewers'  yeast  solution  (3  %  in  distilled  water)  hatched 
within  96  hours,  but  one  larva  emerged  in  each  tube  within  120  hours. 
In  one  tube  no  more  eggs  hatched,  but  in  the  other  two  or  three  larvae 
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emerged  ami  ilieil  before  the  l-itli  day  ;  botli  tubes  were  then  iiiocuhited 
from  a  liviiii^  culture  of  S.  (rrerisuw  and  all  the  remairiiu*^  eg^H  hatched 
duriui'  the  uit'ht. 

In  spite  of  the  foregoing  negative  evidence  we  thought  it  desirable 
to  test  the  matter  further,  because  it  seemed  possible  that  the  failure 
might  be  due  to  either  too  high  a  temperature  in  the  sterilization  pro- 
cess or  to  the  yeast  extract  not  being  sutliciently  fresh— some  days 
having  been  allowed  to  elapse  between  preparation  and  use. 

With  this  object  Experiment  XXIV  was  planned.  A  number  of 
tubes  of  distilled  water  containing  eggs  were  used  on  the  fifth  day  after 
the  addition  of  the  eggs.  Cultures  of  B.  coli,  S.  aureus  and  autolyzed 
extract  of  brewers'  yeast  which  had  been  autoclaved  (120°  C.)  were 
used,  also  cultures  of  B.  coli  aiul  S.  (lureus  which  had  been  killed  by 
steam  heating  at  100°  C,  a  culture  of  B.  coli  killed  by  chloroform  and 
a  sterile  filtrate  of  B.  coli.  The  addition  to  the  tubes  w^as  G  %,  except 
that  in  one  of  the  tubes  only  2h  %  of  the  yeast  extract  was  added,  but 
this  alteration  made  no  difference  to  the  result.  It  will  be  seen  that  in 
contradistinction  to  the  earlier  results  the  sterilized  cultures  and  yeast 
extract  were  effective,  but  not  the  filtrate.  This  last  was  several  weeks 
old  at  the  time  of  use,  but  fresh  filtrate  had  been  used  in  the  earlier 
trials  without  effect.  It  is  interesting  to  note  that  the  eggs  were  slower 
in  responding  to  the  S.  aureus  than  to  B.  coli  in  all  four  tubes. 

The  results  were  so  generally  at  variance  with  those  in  the  earlier 
trials  that  it  seemed  probable  that  the  diflierence  must  lie  in  the  eggs. 
With  a  view  to  testing  this  hypothesis  advantage  was  taken  of  several 
tubes  of  distilled  water  in  Experiment  XXIII  in  which  eggs  had  been 
lying  dormant  for  100  days.  These  were  tested  by  adding  a  quantity 
equal  to  about  :i  %  of  a  living  culture  of  B.  coli,  autolyzed  yeast  steri- 
lized by  autoclave  and  B.  coli  sterilized  by  autoclave,  the  last  two  being 
from  the  same  tubes  as  the  additions  to  the  tubes  in  Experiment  XXIV. 
It  will  be  seen  that  the  results  again  difi'er,  being  nu:>re  in  line  with  the 
early  trials,  but  not  quite  in  conformity.  There  seems  no  doubt  but 
that  the  susceptibility  of  the  eggs  varies  greatly  while  it  is  also  con- 
sistent with  the  results  to  suppose  that  the  cultures  but  not  the  iiltrate 
used — possibly  because  of  their  freshness— were  more  eft'ective. 

A  further  trial.  Experiment  XXV,  was  carried  out  to  test  the  watery 
extract  of  yeast  as  against  an  autolyzed  one,  and  both  as  against  living 
cells  from  a  culture  of  Saccharomyces  cerevisiae  on  wort  agar. 

As  a  whole  this  test  shows  clearly  that  while,  for  these  particular 
eggs,  the  autolyzed  extract  and  the  living  cells  w^ere  almost  equally 
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olT(H'tiv(\  (lie  walorv  oxtraot  was  far  less  so,  and  in  one  iu])c  liad  no 
olTcct  jil  all  williiii  I  lir(M^-(|uart('.rs  of  an  hour.  The.  difTc.rcnce  in  tlio 
results  in  the  scNcral  tubes  must  be  takc^n  as  measure  of  tJic  varia})le 
susceptibility  of  the  e«i^s.  It  will  be  noted  that  in  onti  of  tljo  tub(5s  to 
whieJi  t  \\o  bring  yeast  cells  were  added,  there  was  only  a  partial  response 
within  the  first  thi(M'-(|u;Mt(Ms  of  an  hour.  It  is  regrettable  that  no 
tubes  c'()ntainin<;  eggs  \\  Iiidi  had  long  lain  dortnant  were  available  to 
control  results,  as  was  done  witli  the  previous  trial  (Experiment  XXIV). 

In  discussing  these  results  it  is  necessary  to  note  that  hatcliing  may 
follow  if  during  the  sterilizing  process  the  eggs  are  left  too  long  in  lysol. 
Sometimes  these  eggs  do  not  uncap  until  after  their  transference  to 
water,  but  in  both  cases  the  larvae  fail  to  come  right  out  of  the  shell. 
The  same  phenomena  followed  when  eggs  were  exposed  to  formalin 
vapour  for  several  hours.  After  transference  to  water  large  numbers 
uncapped,  but  the  larvae  only  partially  came  out  of  the  shells.  In 
these  instances  no  movement  on  the  part  of  the  larvae  w^as  ever 
observed.  It  is  possible  that  they  were  killed  within  the  egg,  but  cut 
or  partially  cut  the  cap  in  their  dying  struggles.  There  is  a  difficulty 
in  the  way  of  the  acceptance  of  this  explanation,  however,  because  it 
is  not  easy  to  understand  why,  in  the  case  of  those  placed  in  lysol,  the 
uncapping  should  sometimes  be  delayed  until  after  they  were  trans- 
ferred to  w^ater. 

The  differential  hatching  of  the  eggs  may,  as  pointed  out  in  the  intro- 
ductory notes,  arise  as  an  hereditary  trait  owing  to  an  adaptation  to 
meet  the  needs  of  seasonal  changes.  On  the  other  hand  there  is  evidence 
that  treatment  during  incubation  or  prior  to  full  immersion  may  be  the 
cause  of  more  ready  response  to  immersion.  Bacot  (1916)  found  when 
in  Freetown  that  of  a  givien  batch  of  eggs,  which  had  incubated  on  a 
wet  surface,  98  %  of  those  which  were  immersed  without  allow^ing  them 
to  dry  hatched  within  30  minutes;  of  a  portion  of  the  same  batch 
placed  in  water  after  24  hours'  drying  the  hatching  of  84  %  was  dis- 
tributed over  a  period  of  65  days;  w^hile  the  balance  of  the  batch, 
which  w^as  kept  dry  for  7  days  before  immersion,  again  showed  a 
divergent  result,  43  %  hatching  within  24  hours,  another  11  %  follow- 
ing within  51  days  and  of  the  balance  8  %  containing  living  larvae 
when  dissected  after  81  days. 

In  Experiment  XVI  the  eggs  were  not  allowed  to  dry  before 
sterilization,  as  it  was  desired  to  test  the  theory  that  a  check  in  the 
influence  of  bacterial  action  on  the  eggs  might  be  the  cause  of  delay 
in  their  hatching  when  subsc(juently  immersed.     Although  the  larvae 
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did  as  a  matter  of  fact  eineri^e  rattier  freely  from  these  nif^n  under 
sterile  conditions,  the  evidence  from  Experiment  XXill,  in  which  also 
they  were  not  allowed  to  dry  before  sterilization,  is  entirely  neojative, 
the  number  hatchint];  under  sterile  conditions  being  small;  while  in 
Experiment  XXV  in  which  dried  eggs  were  used  the  percentage  hatch- 
ing in  i?ome  of  the  tubes  w^as  considerable.  It  is  probable  that  the 
problem  is  a  complex  one,  two  or  more  factors  being  concerned. 

The  results  of  the  experiments  on  eggs  is  so  far  clear  and  decisive 
in  regard  to  the  fact  that  the  presence  of  bacteria,  yeasts  and,  less 
definitelv,  moulds,  does  exert  a  stimulus  causing  eggs  to  hatch  that 
w^ould,  apart  from  their  presence,  have  remained  dormant  for  a  longer 
period.  It  also  seems  definite  that  this  stimulus  is  less  powerful,  or 
may  be  altogether  ineftective,  if  killed  cultures  or  sterile  filtration  and 
extracts  of  bacteria  or  yeasts  are  used.  The  difference  is  apparently 
one  of  quantitif  not  quality,  its  extent  being  chiefly  dependent  upon 
some  variation  in  the  susceptibility  of  the  eggs. 

Section  B.     Larvae. 
Unsterile  conditions. 

The  fact  that  the  larvae  greedily  consume  clumps  of  bacteria  or 
v easts  (S.  cerevisiae)  removed  from  agar  cultures  has  already  been  men- 
tioned in  the  introductory  remarks.  This  rough  test  is  open  to  the 
objection  that  what  the  larvae  struggled  for  was  not  the  organism  but 
the  organic  matter  on  which  they  were  living,  or  by-products  produced 
in  their  development. 

In  Experiments  V  and  VI,  B.  coli  washed  by  centrifuging  were  given 
as  food  to  a  batch  of  larvae,  while  to  an  equal  number  in  a  similar 
quantity  of  water  no  food  was  supplied ;  the  unfed  batches  constituting 
controls.  The  results  show  conclusively  that  the  larvae  cannot  only 
live,  but  thrive  on  the  bodies  of  bacteria. 

Sterile  conditions. 

These  early  trials,  followed  by  a  series  of  experiments  (\ll, 
Vlll,  IX  and  XI),  afford  examples,  in  which  the  eggs  were  sterilized 
and  transferred  by  Pasteur  pipette  into  tubes  containing  various  sterile 
media,  the  object  being  to  ascertain  if  it  was  possible  for  the  larvae  to 
develop  under  sterile  conditions.  In  the  main  the  results  are  clear  and 
decisive;  w^hile  sterility  is  maintained,  larval  development  is  either 
inhibited  or  proceeds  excessively  slowly  in  conjunction  with  a  high,  or 
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more  rr(^(|u*'iitlv  a  total  mortality.  Tlio  iiilectiou  of  a  tube  with  bac- 
teria is  «rouerally  followed  by  hirval  progress,  usually  rapid.  The  only 
exceptions  are  cases  in  which  the  larvae  had  existed  under  sterile  con- 
ditions for  lon«^'  p<Mi()ds  and  seemed  incapable  of  adjusting  themselves 
to  the  change.  Kxceptious  to  the  general  rules  of  rapid  larval  develop- 
ment in  infected  tubes  ar(^  most  noticeable  in  Fiixperiments  XII  and 
XIII  when  the  bacteria  which  caused  the  breakdown  in  sterility  proved 
to  be  feebly  growing  species,  which  altogether  failed  to  keep  pace  with 
the  larval  recjuirements.  In  Rxperiments  XI,  XVI  and  XVJl  adults 
were  reared  under  sterile  conditions,  the  greatest  success  (in  Experi- 
ments XI  and  XVI)  being  attained  in  a  medium  of  pure  beef  broth 
(without  the  addition  of  salt  or  peptone)  which  for  some  unexplained 
reason  seemed  favourable  for  slow  but  sustained  growth.  Two  adults 
were  reared  in  separate  tubes  of  a  3  %  solution  of  an  autolyzed  extract 
of  brewers'  yeast  in  distilled  water  (Experiment  XVII).  One  of  these 
was  reared  under  sterile  conditions  and  the  other  ought,  properly  speak- 
ing, to  be  credited  to  these  conditions  as,  although  a  mould  was  present 
in  the  tube  when  the  adult  emerged,  all  the  evidence  is  against  any 
suggestion  that  the  larvae  obtained  any  nutriment  from  this  source 
— the  presence  of  moulds  being  seemingly  inimical  or  neutral  to  larval 
development ;  in  this  particular  instance  all  the  remaining  larvae  in  the 
tube  died. 

While  in  these,  and  in  fact  in  all,  cases  of  larval  progress  under 
what  are  apparently  sterile  conditions,  the  possibility  must  not  be 
excluded  of  a  slight  infection  occurring  during  a  portion  of  the  larval 
existence  and  then  dying  out,  the  only  evidence  in  support  of  such  a 
supposition  is  the  fact  that  larval  progress  varied  in  what  were  appar- 
ently sterile  tubes  independently  of  the  media.  This  has  happened 
in  one  or  more  out  of  a  batch  of  tubes  of  the  same  medium,  the  eggs 
being  part  of  a  number  all  sterilized  together.  Taking  into  con- 
sideration the  variability  exhibited  by  the  eggs  at  a  stage  when  they 
contain  fully  developed  larvae,  it  will  require  a  considerable  body  of 
positive  evidence  based  on  carefully  planned  experiments  before  such 
a  possibility  can  be  accepted  as  a  probability. 

In  Experiment  XI  a  test  was  carried  out  to  see  if  a  change  from  one 
sterile  medium  to  another  had  any  effect  in  stimulating  larval  growth. 
Of  two  larvae  withdrawn  on  the  15th  day  from  a  sterile  tube  of  peptone 
broth,  one  was  transferred  to  a  tube  of  broth  made  from  dead  insects 
and  the  other  to  a  tube  of  water  in  which  horse  dung  had  been  steeped. 
After  a  pause  of  some  48  hours  some  evidence  of  quickened  growth  was 
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obsei'vt'il,   but  the  piot^aess  was  not  contiiuious  and  both  larvae  died 
some  50  days  hiter  without  having  coinph^ted  tlieir  hiival  development. 

Experiments  XII  and  XIII  were  designed  with  a  view  to  trying 
sterile  media  composed  of  substances  more  likely  to  be  met  with  by 
mosquito  larvae  under  natural  conditions  than  those  normally  used  for 
bacteriological  purposes.  Tubes  containing  water  in  whicli  horse  dung 
had  been  steeped  -iS  hours  previously  and  a  broth  made  from  dead 
insects — chiefly  flies — were  used.  The  series  afforded  but  little  evidence 
bearing  on  tlie  original  purpose  of  the  tests  owing  to  the  infection  of 
the  tubes  by  obscure  species  of  bacteria  whose  presence  was  difficult  to 
detect,  and  such  evidence  as  was  forthcoming  was  negative.  The  tests 
convinced  us,  however,  of  the  unsuitability  of  these  media  which  were 
likely,  owing  to  the  sources  from  which  the  nutriment  contained  in 
them  was  drawn,  to  harbour  sporing  bacteria. 

Particulate  matter.  One  of  our  colleagues  suggested  the  possibility 
of  the  necessity  of  particulate  matter  in  the  medium  as  it  seemed 
possible  that  larvae  swimming  in  a  true  fluid  might  be  unable  to  pass 
it  through  the  alimentary  system  in  the  absence  of  solid  particles  in 
the  intestine.  We  accordingly  added  powdered  animal  charcoal  to  a 
number  of  tubes  of  a  solution  of  autolyzed  yeast  in  distilled  water 
(Experiments  XVI  and  XVII)  with  apparent  success  at  the  outset,  as 
the  larvae  not  only  ingested  it — the  dark  gut  content  being  clearly 
visible— but  made  quicker  progress  than  others  in  the  same  media 
without  the  charcoal.  The  advantage  did  iu)t,  however,  continue  and, 
although  one  reached  t  lie  pupal  stage,  no  adults  w^ere  reared ;  on  the 
other  hand,  as  already  recorded,  one  adult  was  reared  from  a  sterile 
tube  of  the  yeast. extract  solution,  without  the  charcoal.  It  is  also  to 
be  noted  that  the  insect  broth  which  contained  much  solid  matter  also 
failed,  under  sterile  conditions,  to  confer  any  advantage  after  the  first 
few  days. 

A  few  trials  were  carried  out  to  test  if  milk  acidified  to  such  a  degree 
that  the  colloidal  particles  of  the  casein  were  increased  in  size  but  not 
precipitated  and  white  of  egcr  precipitated  as  very  minute  particles, 
would  afford  the  necessary  pabulum  for  the  larvae.  After  sterilization 
small  quantities  of  these  preparations  were  added  to  media  in  which 
eggs  had  already  hatched,  but  in  wiiich  the  larvae  were  making  no 
progress,  or  the  larvae  were  transferred  by  Pasteur  pipette  to  tubes 
containing  milk  or  white  of  egg  in  this  form.  Examples  will  be  found 
in  Experiments  XIII,  XVIII,  XIX  and  XX.  In  no  case  did  the 
addition  or  presence  of  the  substances  enable  the  larvae  to  develop 
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while  sicrilit  \-  w  :is  iii;iiiit ;iiii(Ml  ;  all  li()ii;j;li  in  sonic  insl  juiccs  .slight  })!•()- 
(Tross  followed  ilic  addition  ( H^xpcriiiMMit  XIX,  |)a<;('5!8),  it  soon  ceased, 
the  larvae  evenlualK'  (l\-in;^^  williout  attainin<;  llicii-  I'idl  <^ro\vtli. 

Killed  cultures  of  H.  coli. 

Ill  Exporimeiit  X  a  proliniinary  trial  was  made  to  nscertain  if  the 
larvae  could  Ix^  rehired  under  sterile  conditions  upon  a  culture  of  B.  coli 
killed  by  heat.  No  success  followed,  but  youn^  larvae  hatched  from 
unsterilized  eocrs  made  ra,])id  progress  in  a  control  tube,  this  tube  being 
of  course  infected  by  the  larvae.  Experiment  XIV  was  a  repetition 
on  a  larger  scale;  several  tubes  were  prepared,  but  the  eggs  placed  in 
these  failed  to  hatch.  A  single  newly  hatched  larva  (the  only  c)ne 
which  could  be  spared  at  tlie  moment)  was  transferrcul  from  another 
experiment  to  one  of  the  tubes.  It  failed  to  make  any  progress  during 
a  nu)nth  and  died  within  a  few  hours  of  the  inoculation  of  the  tube  at  the 
end  of  this  period. 

Sterile  filtrate  of  B.  coli. 

In  Experiment  XXIV  a  culture  of  B.  coli  killed  by  chloroform  was 
added  to  tubes  of  sterile  distilled  water  containing  eggs;  a  number  of 
these  hatched  and  tube  No.  12  remained  sterile,  although  its  fellow 
No.  1 1  became  infected  on  the  11th  day.  None  of  the  larvae  in  No.  12 
passed  the  first  moult,  while  some  of  those  in  the  infected  tube  had 
made  considerable  progress  and  were  in  the  third  instar.  The  larvae 
in  tube  No.  12  all  died  in  the  second  skin,  whereas  in  the  infected  tube 
the  larvae  were  well  grown  before  the  food  supply  failed,  two  at  least 
having  attained  their  fourth  (last  larval)  instar. 

Thinking  that  possibly  the  action  of  the  heat  used  in  killing  the 
cultures  of  B.  coli  might  have  the  effect  of  destroying  its  nutrition  value 
for  the  mosquito  larvae,  a  number  of  trials  were  carried  out  with  the 
sterile  filtrate  from  broth  cultures  of  B.  coli.  No  success  attended  any 
of  them,  either  in  neat  or  diluted  condition,  nor  did  the  addition  of  the 
filtrate  to  other  sterile  media  in  which  larvae  were  living  produce  any 
effect,  apart  from  the  few  cases  in  which  sterility  broke  down  at  the 
period  when  the  filtrate  was  added.  (See  Experiments  XIX,  XX  and 
XXIIT.) 

Living  yeast  and  yeast  extracts. 

See  Experiments  XVI,  XVII  and  XXI:  note  also  the  conclusion  of 
XXII,  page  521,  of  XXIII  and  of  XXIV  and  the  conclusion  of  XXV. 
There  is  a  break  of  similar  character  between  the  nutritive  value  of 
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liviiii^  S.  cerevisiae  and  sterile  extracts  of  brewers'  yeast  to  that  ulii(  li 
separates  livia^?  from  dead  cultures,  or  steiile  filtrates  of  bacteria,  it 
is  not  (juite  so  definite,  however,  as  the  larvae  do  make  progress  in 
solutions  of  autolyzed  yeast  extract,  whereas  throut^hout  the  whole 
course  of  the  experiments  no  larval  progress  lias  occurred  in  sterilized 
cultures  of  bacteria  or  sterile  filtrates.  The  reason  for  this  difference 
is  not  obvious  and  it  seems  possible  that  by  some  system  of  concen- 
trating and  extracting  bacterial  cultures  analogous  to  the  autolyzing 
process  with  yeasts,  the  difference  might  be  eliminated. 

The  effect  of  the  presence  of  nioidds  on  hi  mil  (jrotrth. 

Although  no  experiments  were  planned  with  a  view  to  testing  the 
influence  of  moulds,  their  occurrence  in  both  sterile  and  bacterially 
infected  tubes  was  so  frequent  in  some  of  the  experiments  that  a  con- 
siderable amount  of  general  observation  was  possible.  The  impression 
gained  during  the  progress  of  the  research  was  that  moulds  were  inimical 
to  larval  development,  but  a  careful  consideration  and  comparison  of 
the  notes  show  that  the  fatality  which  so  frequently  followed  their 
appearance  in  the  experimental  tubes  cannot  be  clearly  demonstrated 
as  due  to  their  presence.  In  a  few  cases  of  rapidly  spreading  surface 
moulds  it  is  extremely  probable  that  they  w^ere  an  accessory,  if  not  the 
actual  cause  of  death,  and  in  Experiment  XXII  an  instance  of  mortality 
apparently  due  to  moulds  occurred  in  tubes  Nos.  4  and  5  of  the  distilled 
water  series.  What  does,  however,  appear  quite  deiinite  is  that  they 
are  of  no  service  whatever  to  the  larvae  as  a  source  of  food  supply. 
In  fact  it  seems  reasonable  to  suppose  that  they  may  compete  with  the 
larvae  for  whatever  supply  of  nutriment  is  available.  Although  the 
evidence  on  this  ])()int  is  not  altogether  consistent,  in  Experiment  XXII 
it  appears  ([uite  negative,  there  were  several  instances  in  which  fully 
grown  larvae  died  in  tubes  w^here  moulds  had  developed.  In  a  few 
cases  one  or  two  out  of  several  of  the  larvae  succeeded  in  com})leting 
their  development,  the  others  dying  rather  inexplicably  if  the  moulds 
were  not  implicated.  Two  or  three  instances  occurred  of  moulds  grow- 
ing from  the  mouths  of  dead  larvae,  as  though  swallowed  spores  had 
developed  in  the  alimentary  canal ;  while  there  is  of  course  no  evidence 
that  the  development  of  the  mould  preceded  death,  the  spores  must 
presumably  have  been  ingested  by  the  living  larvae.  Notes  referring 
to  the  presence  of  moulds  will  be  found  in  Experiments  XXI,  XXII 
and  towards  the  close  of  XVII  and  XXIII. 
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1^].   K  Atktn  and  a.  Bacot  ilOl 

Our  coiicliisioii  icspcci  iii^  tin'  ('vi(l('iic(>  jis  a  wliolo  may  \)v,  stated  as 
follows:  tluit  (In'  liii\a»'  of  Slnjonnjia  f<isci(tl<i  j^nuulily  consunio  both 
bacttMia  and  yeasts  on  w  liicli  1  licy  can  llirivc  in  the,  absence  of  any 
otlnT  food,  wlnMcas  in  \(m\  many  instances  they  fail  (mtirely  to  develop 
on  a  variety  of  nutritive  fluids  and  particles,  including  dead  bacteria, 
under  sterile  conditions.  In  the  far  less  numerous  cases  where  progress 
was  made  under  ap])arently  sterile  conditions,  <^rowth  was  always 
relatively  very  slow  to  that  under  otherwise  equivalent  but  unsterile 
conditions,  and  the  mortality  was  very  high.  The  rearing  of  adults 
under  sterile  conditions  being  so  exceptional  we  feel  justified  in  stating 
that  the  presence  of  bacteria  or  yeasts  is  a  practical  necessity  for  the 
maintaining  of  the  species.  Tf  one  considers  the  facts  shown  by  Bacot 
(1916)  regarding  the  scarcity  of  bacteria  in  the  alimentary  canal  of 
larvae  taken  from  water  swarming  with  bacteria  in  relation  to  the 
exclusively  browsing  habit  of  the  young  larvae  and  its  partial  retention 
by  the  older  ones  when  feeding,  together  with  the  experimental  results 
above  recorded,  there  seems  good  reason  for  supposing  that  bacteria 
and  yeasts  afford  the  chief  food  supply  of  the  larvae.  The  ingestion 
of  larger  particles  and  the  structure  of  the  jaws  are  not  inconipatible 
with  this  view,  because  such  particles  are  likely  to  be  covered  with  a 
bacterial  growth  while  the  jaw^s  are  of  use  in  gnawing  away  portions  of 
decaying  organic  matter.  They  were  evidently  used  to  disrupt  clots  of 
both  bacteria  and  yeasts  in  the  preliminary  experiments  mentioned  in 
the  introduction. 

It  seems  probable  that  this  knowledge  may  be  of  assistance  in  the 
destruction  of  this  species  of  mosquito,  as  it  should  enable  the  methods 
now  so  largely  available  for  the  purification  of  water  from  bacteria  to 
be  utilized.  On  a  minor  issue  it  may  be  of  service  in  enabling  Sanitary 
Officers  to  escape  the  annoyance  caused  by  the  failure  to  breed  more 
than  one  or  two  isolated  species  from  jars  containing  mosquito  larvae 
captured  by  their  inspectors.  This  failure  no  doubt  arises  owing  to 
starvation,  because  the  bacteria  are  killed  by  "the  action  of  light,  it 
being  customary  to  stand  jars  with  wrigglers  in  the  full  light  of  a  window. 
There  is  the  further  possibility  that  the  eggs  after  a  careful  and  probably 
lengthy  research  might  be  found  to  be  of  service  as  a  rough  and  ready 
means  of  testing  the  relative  purity  of  water  in  regard  to  living 
organisms. 
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EXPEKLMEXTS   WITH   UXSTEltlLlZED   EGdS. 

Effect  of  foul  ivater  charged  tvith  bacteria. 

Exi'ERIMENT   I. 

100  c.c.  of  tap  water  was  put  into  eacli  of  two  glass  pans.  The  water  teini)era- 
ture  during  the  course  of  this  experiment  was  about  65°  to  (37°  F. 

A  batch  of  about  350  eggs  laid  on  filter  paper  three  weeks  previously  and  allowed 
to  dry  after  incubation,  but  stored  in  a  moderately  humid  atmosphere,  was  divided 
into  two  lots,  approximately  half  being  immersed  in  each  pan. 

To  the  water  in  one  pan  {A)  was  added  3  c.e.  of  sewage  water  (a  fragment  of 
human  faeces  was  placed  in  water  and  allowed  to  incubate  for  48  hours  at  80°  F.); 
to  the  water  in  the  other  pan  (J5)  nothing  was  added. 

After    1  hour    in  A      4  eires  had  hutched. 


B 


no  eggs  had  hatched. 


After    4  hours  in  ^     JO  additional  eggs  had  hatched. 

„  „  B         no  eggs  had  hatched. 

After  20  hours  in  A  113  additional  eggs  had  hatched. 

„  y,  B      iS  eggs  had  hatched. 

After  70  hours  in  A      9  additional  eggs  had  hatched.     Total  130. 
B    30  „        '      „  .,  Total    42. 


Experiment  II. 

The  experiment  was  repeated,  using  water  in  which  horse  dung  had  been  steeped 
for  the  stimulating  tluid.  The  quantities  and  other  arrangements  were  similar  to 
those  in  Experiment  I,  3  c.c.  of  the  contaminated  water  was  added  to  pan  A  at  the 
stai't,  but  none  to  pan  B. 

After  18  hours  in  A  148  eggs  had  hatched. 
>>         »»  -^     AA  >>  >> 

3  c.c.  of  the  contaminated  water  was  then  adiletl  to  i)an  B.  At  the  expiration 
of  another  18  hours  151)  additional  eggs  had  hatched  in  pan  B.  The  size  of  these 
larvae  suggested  that  they  must  have  hatched  within  an  hour  or  two  of  the  addition 
of  the  manure  water. 


I 


Experiment  III. 

Contrasted  effect  of  alkali  and  water  charged  with  bacteria. 

Temperature  To''  F. 

Into  each  of  4  pans  containing  100  c.c.  of  tap  water  was  placed  -007  gr.  of  incu- 
bated eggs  of  S.  fasciata  (the  number  would  be  about  200  or  300  eggs).  The  pans 
were  kept  all  night  at  75°  F.  Pan  (1)  formed  a  control.  To  pan  (2)  was  added 
a  solution  of  washing  soda,  producing  an  equivalent  of  1  in  1000  in  the  pan;  to 
pan  (3)  sutHcient  ammonia  was  added  to  produce  1  in  1000.  To  pan  (4)  about  5  c.c. 
of  peptone  broth  from  an  experimental  tube  in  which  a  bacterial  infection  caused 
the  eggs  to  hatch. 
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After  G  liours  (No.  2)  Soda,  showod  a  few  larvae  out. 

„  (No.  3)  Ammonia,  showed  Ji  few  larviio  out 

„  (No.  4)  (  oiitaiiiinalcd,  many. 

„  (No.  1)  Conlro),  only  one  or  two. 

To  the  control  pan  about  2  c.e.  of  an  infusion  from  horse  dung  was  added,  and 
Ihr  pans  wvvr  left  all  ni;i;lit. 

IS  hours  lat(M-  (No.  2)  Soda,  showed  a  small  numlx'r  out. 

„  (No.  3)  Ammonia,  about  the  safue  number  out. 

„  (No,  4)  Contaminated,  swarms. 

„  (No.  I)  (.'ontrol,   aft(U'   the   addition   of   the   infusion   of   horse 

manun?  many  more  had  hatched  ^.han  in  either  the 
soda  or  tlie  ammonia  containers,  but  not  so  many 
as  in  tlie  contaminated  pan. 

10  c.c.  of  water  from  pan  (No.  4)  was  added  to  pans  Nos.  2  and  3.  An  examina- 
tion 0  hours  later  showed  that  the  numbers  of  larvae  had  increased  by  one-third  to 
a  half,  the  freshly  emerged  larvae  being  easily  distinguished  from  those  which  had 
hatched  some  hours  previously,  by  their  pointed  conical  heads. 

Experiment  IV.     With  sterilized  eggs. 

Contrasted  effect  of  alkali,  filtrate  of  B.  coli  and  living  B.  coli. 
Tubes  taken  from  Experiment  XXI  (see  page  /)19). 

A  batch  of  eggs  was  sterilized  by  Method  h  and  from  12  to  20  were  pipetted 
into  a  number  of  tubes  containing  10  c.c.  of  sterile  distilled  water  and  one  (No.  5) 
containing  sterile  filtrate  of  B.  coli.  After  20  hours  at  75°  F.  the  tubes  were 
examined  and  four  containing  distilled  water  were  selected  in  which  only  one  or  two 
eggs  had  hatched,  the  idea  being  to  use  resistant  eggs  which  did  not  respond  without 
stimuli. 

In  tube  No.  1,  2  eggs  had  hatched  (I  larva  was  dead). 
„       No.  2,  2 

„         JNO.  o,  Z  ,,  ,, 

No.  4,  1 
No.  5,  0 
To  No.  I  was  added  1  c.c.  of  water  in  which  horse  dung  had 

been  steeped  for  48  hours  at  37°  C =  10  °{, . 

„   No.  2  was  added  1  c.c.  of  a  sterile  filtrate  of  a  B.  coli  culture   =  10  %  . 
„   No.  3  „         1  c.c.  of  a  1  %  solution  of  washing  soda      =  1-1000. 

„   No.  4  „         1  c.c.  of  a  1  %  solution  of  -880  ammonia     =  1-1000. 

No.  5,  a  tube  of  filtrates  of  B.  coli  culture,  was  inoculated 
from  a  living  culture  of  B.  coli. 

Result  after  1  hour : 

Inci'ease  in  liatcliiiivr 
No.  1,  more  than  12  larvae  out     ...         ...         ...  10  or  over 

No.  2,  4  larvae  out  ...  ...  ...  ...  2 

No.  3,  3         „  1 

No.  4,  1  „  0 

No.  5,0         „  0 
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After  24  hours : 

Increane  in  hatching 

No.  1,  more  eggs  had  hatched — probably  all. 

^No.  2,  8  larvae  out             ...         ...         ...         ...  (J 

No.  3,  3         „                     1 

No.  4,  2         „                     1 

No.  5,  12       „                     12 

After  G8  hours: 

No.  1,  all  the  eggs  hatched,  larvae  have  grown  ra]iidly. 

No.  2,  9  larvae  out     slight  progress. 

No.  3,  4  ,,  no  progress. 

No.  4,  2  „  both  dead. 

No.  5,  all  (12)  larvae  out,  have  grown  rapidly. 

The  strength  of  the  soda  and  ammonia  solution  in  tubes  Nos.  3  and  4  was 
doubled  to  1  in  500. 

After  24  hours  no  further  eggs  had  hatched. 

To  each  tube,  Nos.  2,  3  and  4,  -5  c.c.  of  a  culture  of  B.  coH  was  added. 

One  hour  later:  all  the  remaining  eggs  in  tubes  2,  3  and  4  had  hatched — 

No.  2,  12  or  13  living  larvae. 
No.  3,  12  or  14  hving  larvae. 
No.  4,  12  living  larvae. 

The  larvae  in  No.  4  (ammonia  1  in  500)  all  died  within  24  hours. 

Two  days  later  the  larvae  in  tubes  Nos.  2  and  3  had  made  very  rapid  progress 
and  had  caught  up  to  those  in  tube  No.  5  in  the  nuitter  of  growth.  They  actually 
passed  them  during  the  next  day  or  so  and  then  slowed  down.  The  larvae  in  all 
these  tubes  came  to  a  standstill  within  10  days,  having  apparently  exhausted  their 
food  supply. 

Experiment  V  (unsteriUzed  conditions). 

Ability  of  the  larvae  to  develop  on  a  diet  of  bacteria. 
Temperature  75°  F. 

Bacillus  coli  was  washed  by  centrifuging  4  times  in  succession  and  a  small 
quantity  of  the  precipitate  placed  in  30  c.c.  of  tap  water  with  5  newly-hatched  larvae. 

Control.  5  newly-hatched  larvae  of  the  same  batch  were  placed  in  30  c.c.  of  tap 
water,  minus  the  B.  coli. 

The  control  larvae  marked  time  with  little  or  no  progress ;  1  larva  died  on  the 
6th  day  and  1  was  feeble  and  died  on  the  8th  day.  By  the  11th  day  2  of  the 
latvae  passed  the  first  moult,  while  a  third  larva  died  on  the  12th  day.  After  17 
days  1  larva  attained  to  its  third  instar;  both  the  larvae  were  hving  after  the 
30th  day,  but  were  dead  by  the  37th  day.  The  larvae  given  B.  coli  grew  rapidly ; 
by  the  3rd  day  2  of  the  larvae  had  passed  the  second  moult  and  the  others  were 
nearly  full  grown  in  theu*  second  instar. 

^  It  is  probable  that  tube  No.  2  was  already  infected  as  numerous  later  tests  of  B.  coli 
filtrate  added  to  tubes  in  wliith  dormant  eggs  were  lying,  showed  that  the  filtrate  did  not 
stizuulate  hatchiny;. 
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Tlu^  supply  of  washed  />'.  roli  in  thd  pan  WiiH  rciiowcd.  My  tlio  Gih  day  all  tlio 
lnrva(>  \V(  r(«  in  Uw  foiirth  instar.  Oiui  pupatc^l  on  tlu;  8lh  day,  and  the  remainder 
had  |)iipal('d  l»y  the  HMh  day.  Two  79  spocimoas  oniorgod  on  tho  I2th  day  and 
two  more  ??  and  a  ^  hy  Oic  i.'Jih. 

Tho  pail  \vi\s  then  restoekcd  with  5  newly-liatohod  larvao,  but  no  fresh  food 
given.  All  tho  larvae  wc^re  in  their  seeond  iastar  by  tho  3rd  d.ay;  thoy  reached 
the  third  instar  by  the  7th  day,  having,  exhausted  the  food  supply,  and  were  still 
in  tho  same  stage  10  days  later. 

Experiment  VI  (unsterilized  conditions). 

Ahllilj/  of  larvae  to  develoj)  on  a  diet  of  bacteria. 
Temperature  75°  F. 

Into  one  of  two  beakers,  each  containing  200  c.c.  of  tap  water,  wa,s  placed 
sufficient  of  a  washed  culture  of  B.  coli  to  cloud  the  water. 

20  newly-hatched  larvae  were  placed  in  each  beaker,  and  card  covers  placed  on 
top  to  exclude  dust. 

Control.  No  appreciable  progress,  beyond  the  expansion  of  the  head,  took  place 
within  a  week,  then  8  died  within  24  hours.  Seven  days  later  only  0  of  the  20  larvae 
wore  living,  3  of  which  had  passed  the  first  moult.  After  another  week  (21  days 
from  start)  these  6  were  still  living,  and  making  slow  progress. 

After  75  days  there  were  two  survivors,  which  by  this  time  were  ^lender  larvae 
in  the  third  instar.  A  little  water  mixed  with  faeces  arid  therefore  containing 
bacteria  was  added  to  the  pan.  Rapid  growth  was  noticeable  by  next  day;  1 
larva  had  pupated  within  5  days,  and  by  the  9tb  day — 84  days  after  hatching — 
2  adults  were  bred. 

The  larvae  given  B.  coli  made  rapid  progress;  all  were  in  the  third  irLstar  by 
the  4th  day;  16  had  pupated  bj'^  the  9th  day;  4  ^<^  and  1  $  emerged  on  the  11th  day 
and  the  remainder  followed  within  a  few  days;  the  last,  which  had  lagged  in  the 
larval  stage,  taking  16  days. 

Experiments  under  sterile  conditions  in  tubes  containing  nutrient  media. 
Experiment  VII. 

Eggs  sterilized  by  Method  a  were  pipetted  into  a  tube  of  peptone  broth,  after 
a  night  at  75°  F.,  the  tube  was  allowed  to  cool  to  60°  F.,  and  some  of  the  eggs 
batched.  The  larvae  showed  no  sign  of  growth  after  48  hours  at  75°  F.  The  tube 
was  then  infected  with  B.  coli;  within  18  hours  at  75°  F.  the  broth  was  cloudy  and 
the  increase  in  size  of  the  larvae  was  very  obvious. 

A  curious  feature  of  the  experiment  was  that  small  bubbles  of  gas  which  were 
liberated  by  the  fermentative  action  of  the  bacteria,  formed  on  empty  eggs,  frag- 
ments of  egg-shell  etc.  lying  at  the  bottom  of  the  tube,  floating  them  up  to  the 
surface,  when,  the  bubble  becoming  detached,  they  sank  to  the  bottom  and  the 
process  was  repeated.  Similar  bubbles  formed  at  the  apex  of  the  syphon  tubes  of 
the  larvae,  causing  them  to  float  upwards  in  spite  of  their  struggles  to  swim  down- 
wards. So  regular  and  constant  was  this  process  that  tho  larvae  got  but  little  time 
for  undisturbed  feeding,  and  their  growth  was  slow  in  comparison  with  their  rapid 
start. 
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After  4  days  the  formation  of  gas  ceased  and  the  larvae  again  comnienoed  to 
grow  rapidly,  and  within  li  days  some  had  attained  their  third  skin.  The  tube, 
however,  became  very  foul  and  all  the  larvae  were  killed. 

Experiment  VIII. 

Eggs  steriUzed  by  Method  a  were  pipetted  into  a  tube  of  jjcptone  water  and 
a  tube  of  beef  broth  without  either  salt  or  peptone. 

No  eggs  hatched  in  either  tube  in  response  to  the  conditions  and  lapse  of  time, 
which  were  successful  in  the  first  trial. 

Broth.  After  48  hours  stejility  broke  down  in  the  broth  tube;  many  of  the  eggs 
hatchetl  and  the  larvae  made  lapid  piogress,  4  days  later  some  of  the  larvae 
passed  their  third  moult,  but  others  were  much  behind  on  the  24th  day  of  the 
experiment;  22  days  after  hatching  the  first  adult  was  reared  and  others  followed, 
but  there  was  a  heavy  death-rate,  presumably  owing  to  there  being  too  gioss  a 
growth  of  bacteria  in  the  tube. 

Peptone  imter.  This  tube  remained  sterile  and,  in  spite  of  warming  and  cooling, 
no  eggs  hatched  until  the  3rd  day,  when  one  larva  emerged;  otheis  followed  and 
5  or  6  were  seen  by  the  5th  day.  Growth  was  not  quite  inhibited,  but  hartlly  any 
progress  had  been  nuide  by  the  4th  day  after  hatching,  the  larvae  being  still  in  the 
first  instar. 

On  the  8th  day  of  the  experiment,  4  days  after  the  hatching  of  the  eggs,  sterility 
broke  down,  the  tube  becoming  cloudy.  The  larvae  emerged  from  the  ivmaining 
unhatched  eggs  and  rapid  progress  commenced. 

The  larvae  made  rapid  growth  at  first,  and,  owing  to  their  number  or  the  less 
vigorous  growth  of  the  bacteria,  the  conditions  in  the  tube  renuiined  healthy,  the 
larvae  keeping  the  clouding  of  the  peptone  water  in  check  and  tinally  clearing  it; 
they  then  began  to  tind  a  shortage  of  food  and  ceii^sed  to  grow,  finally  dying  on  the 
24th  day  of  the  experiment — the  last  to  die  having  reached  the  third  instar. 

Experiment  IX. 

(Includes  notes  respecting  the  adilition  of  acid  on  dormant  eggs.) 

Eggs  were  steriUzed  by  Method  b  and  pipetted  into  four  tubes  of  peptone  water 
and  four  tubes  of  broth,  only  5  or  6  eggs  being  placed  in  each  tube. 

After  48  hours,  4  eggs  had  hatched  in  one  of  the  tubes  of  broth  (No.  1)  and  in 
this  tube  only  had  sterihty  broken  down;  a  5th  larva  emerged  in  this  tube  next 
day.  A  plate  culture  was  made  from  this  tube,  and  a  sporing  bacillus  isolated. 
On  the  evening  of  the  3rd  day  from  the  start  one  of  the  broth  (No.  2)  and  one  of  the 
peptone  tubes  (No.  3)  in  which  no  eggs  had  hatched,  were  inocidated  from  the  tube 
which  had  become  infected.  By  next  morning  4  larvae  had  hatched  in  the  broth 
and  1  in  the  peptone  tube.  None  hatched  within  the  next  2  or  3  days  in  the 
remaining  sterile  tubes.  The  following  test  was  then  made:  to  two  of  the  sterile 
tubes — broth  No.  4  and  peptone  No.  5 — was  added  sufficient  of  a  dilute  solution 
of  HCl  to  produce  a  similar  acid  reaction  to  the  broth  tube  in  which  sterility  broke 
down.  No  response  took  place  within  20  hours,  but  the  remaining  eggs  in  the  inocu- 
lated peptone  water  hatched  within  this  period. 

By  the  7th  day  of  the  experiment  the  larvae  in  the  broth  tube  in  which  sterility 
broke  down  were  all  in  the  fourth  histar,  while  those  in  the  inoculated  broth  tube 
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wore  in  the  second  ;unl  tiiosc  in  th(^  inofulatcd  jx'pfono  wator  in  tho  third  inslar. 
Xo  rpgs  liad  hatched  in  (he  tnho.s  <o  whi(rh  acid  had  l)0(^n  added  '.i  days  proviously 
and  the  tulx's  were  now  inocidatod  from  No.  1;  witliin  18  hours  all  tho  oggs  in 
1  luMu  hatched. 

Another  trial  wa,s  made,  with  dilute  acid  of  high(^r  concentration,  in  one  of  the 
peptone  tubes  (Xo.  (>)  in  which  the  eggs  had  now  lain  dormant  for  8  days;  the 
acid  reaction  after  tlu^  addition  Ixung  much  stronger  than  in  the  original  broth 
tube  (No.   1). 

After  48  hours,  during  whieli  period  no  larvae  hatched,  tho  third  tube  to  which 
acid  was  added  (No.  (i)  was  inoculated  from  tube  No.  1 ;  by  next  morning  (18  hours 
later)  one  egg  had  hatched,  another  larva  emerged  on  the  2nd  day,  and  2  others 
on  following  days.  The  bacterial  growth  in  this  tube  was  feeble,  presumably  owing 
to  its  relatively  strong  acidity,  while  the  larvae  in  it  made  very  little  progress. 

On  the  14th  day  of  the  experiment  two  eggs  were  taken  by  means  of  a  Pasteur 
pipette  from  the  remaining  sterile  broth  tube  (No.  7)  and  transferred  to  a  tube  of 
peptone  broth ;  they  lay  unhatched  in  the  tube  of  peptone  broth  for  8  days,  when 
the  tube  was  inoculated  with  Staphylococcus  aureus;  within  16  hours  larvae  had 
emerged  from  both  tlie  eggs.  They  died,  however,  within  3  days,  apparently 
owing  to  the  vigour  of  the  bacterial  growth. 

On  the  15th  day  of  the  experiment,  the  broth  tube  from  which  these  eggs  had 
been  removed  (No.  7)  was  inoculated  with  8.  aureus.  The  culture  did  not  grow 
and  the  eggs  failed  to  hatch.  Two  days  later  the  inoculation  was  repeated  from  the 
same  culture;  this  time  with  success,  and  the  eggs  which  had  been  lying  in  the  broth 
for  17  days  hatched  within  Ki  hours. 

On  the  32nd  day  of  the  experiment  1  c.c.  of  sterile  autolyzed  extract  of  brewers' 
yeast  (=  17  %  to  20  %)  was  added  to  the  remaining  tube  of  peptone  water  (Xo.  8) 
in  which  the  eggs  had  been  lying  dormant  for  a  month.  The  eggs  hatched  within 
an  hour,  but  the  larvae  died  within  a  few  minutes  of  their  emergence. 

History  of  the  larvae  in  the  above  experiment. 

Tube  No.  1 ;  eggs  hatched  in  response  to  casual  infection. 

The  larvae  were  in  the  fourth  instar  by  the  7th  day;  4  days  later  the  first 
pupa  was  noted  and  3  days  later  the  first  pair  of  adults  emerged ;  2  c?o  and  3  $? 
followed  within  the  next  day  or  two — 15  days  from  hatching. 

Tube  No.  2  broth  and  No.  3  peptone  eggs  hatched  on  the  3rd  day  of  experiment. 
The  bacterial  growth  was  more  vigorous  in  the  peptone  water  than  in  the  pure 
beef  broth.  Four  days  aftei'  the  hatching  of  the  eggs  the  larvae  in  tube  No.  2  w^ere 
in  their  second  instars,  while  those  in  tube  No.  3  were  ah'eady  in  the  third  skin. 
This  rapid  progress  on  the  part  of  the  larvae  in  tube  No.  3  (peptone  water)  did 
not  continue  long ;  the  dense  growth  of  bacteria  rendered  the  conditions  unhealthy 
and  4  days  later  the  larvae  in  tube  No.  2  were  ahead  of  those  in  tube  No.  3, 
while  the  latter  were  beginning  to  die  off. 

On  the  11th  day  from  the  hatching  of  the  eggs  all  the  larvae  in  tube  No.  3  were 
dead,  while  two  of  those  in  tube  No.  2  had  pupated.  The  remaining  larvae  were 
full  fed  and  tlie  broth  was  bright  and  transparent,  the  number  of  bacttn'ia  having 
been  reduced  to  a  mininunn  either  as  a  result  of  the  larvae  devouring  them  or 
organic  matter  in  the  broth  necessary  for  bacterial  development. 
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Tube«  No8.  4  aiul  o.  bom  ilays  uttci  lialLliiiig,  the  larvao  had  inado  go(Ml  j>ro- 
givss,  those  in  the  broth  tube  being  well  aheatl,  while  by  the  follow  ing  day  the  growth 
of  bacteria  in  the  peptone  water  had  become  exceedingly  dease  and  one  or  two  of 
the  larvae  were  dead.  By  the  7th  day  after  hatching  4  larvae  in  the  broth  tube 
had  pupated,  while  the  surviving  larvae  in  the  peptone  water  were  still  in  their 
thii'd  iiLstar.  Five  days  later  ( 12  days  from  hatehiiig)  all  the  larvae  in  the  peptone 
water  were  dead,  and  a  pair  of  atlults  had  emerged  from  the  pupae  in  the  broth 
tube;  the  remaining  pupae  and  larvae  died. 

Tube  No.  0.  These  larvae  made  very  slow  progress ;  the  growth  of  bacteria 
in  the  tube  being  feeble.  By  the  (ith  day  after  hatching  they  had  only  attained 
to  their  second  instar.  Five  days  later  the  larvae  were  still  all  living  and  had  made 
steady  progress;  one  pupated  on  the  13th  day  from  hatching  and  2  <S(S  emerged 
on  the  17th  day;  2+9  following  on  the  I8th  and  2()th  days. 

Tube  Xo.  7  (broth).  Four  tlays  after  hatching  only  2  of  the  4  larvao  were  living; 
these  had  made  rapid  progress  and  were  in  their  fomth  instar;  2  o  specimens  were 
bred  on  the  1 1th  day  from  hatching. 

Experiment  X. 

Washed  B.  coli  killed  bi/  heat  as  food  for  the  larvae. 

A  small  quantity  of  Wiishod  B.  coli  was  put  into  two  tubes  of  distilled  water 
which  were  sterilized  by  heat. 

Into  one  tube  a  larva  was  transferred  from  a  tube  of  peptone  water  that  had 
remained  sterile  for  several  days ;  into  the  other  several  larvae  that  had  just  emerged 
from  uiLsterilized  eggs  placed  in  tap  water.  The  cloudiness  which  followed  in  this 
tubt>  indicated  that  the  larvae  had  infected  it.  The  growth  of  these  larvae  was 
rapitl;  on  the  5th  day  they  were  well  grown  in  the  third  instar — the  sterile  larvae 
having  made  barely  appreciable  progress  in  tlie  lirst  iiLstar. 

The  progress  of  the  infected  larvae  slowed  down  gradually  as  the  water  cleared, 
but  they  continued  healthy. 

In  the  sterile  tube  the  larvae  progressed  very  slowly  and  died  after  moulting 
on  tiie  9th  day. 

Experiment  XL 

(Includes  notes  concerning  the  effect  of  sterile  yeast  extracts  on  dormant  eggs 
and  a  change  of  diet,  under  sterile  conditions,  on  the  larvae.) 

Five  to  7  eggs  sterilized  by  Method  h  were  transferred  by  pipette  into  the  follow- 
ing tubes:  4  of  peptone  broth;  3  of  peptone  water;  3  of  beef  broth  (no  salt  or 
peptone) ;   1  in  boiled  tap  water  and  1  in  boiled  distilled  water. 

After  24  hours  eggs  left  in  the  lysol  used  in  the  sterilizing  process  had  hatched ; 
the  larvae  were  dead  and  many  had  failed  to  get  free  of  the  eggshell.  Only  one 
egg  hatched  out  of  a  number  that  were  transferred  from  the  lysol  to  tap  water. 
Several  eggs  out  of  a  large  number  left  in  the  flask  of  boiled  water  hatched.  Some 
eggs  also  hatched  in  the  tubes  of  peptone  broth,  broth  tubes,  and  in  one  of  the  pep- 
tone water  tubes,  but  none  in  the  boiled  tap  water  or  boiled  distilled  water. 

After  48  hours  one  larva  hatched  out  in  the  boiled  distilled  water;  none  in  the 
boiled  tap  water. 
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During  tho  same  pciicMl  in  peptone  water  two  larvae  came  out,  of  0  oggR  in  one 
tul)e  only. 

Jiaf  broth.  '\\\\n'  (Xo.  1),  1  out  of  7  eggs 

„      (No.  2),  :J      „       7     „ 
„      (No.  3),  4      „       7     „ 

Peptone  broth.      Tuhe  (No.  1),  5      „       (»  ogga  (1  larva  dead) 

„  (No.  2),  4  „  (i  „ 
(No.  3),  2      „       T)     „ 

„  (No.  4),  2  „  G  „ 
Tho  growth  of  tho  larvae  was  negligible. 

Three  days  later  {ry  days  from  start) : 

Boiled  tap  i cater.     None  had  hatched. 

Boiled  distilled  ivater.     No  piogiTss  hy  the  larva. 

Peptone  water.     No  further  hatcliing;  no  progress  by  the  larvae  already  hatched. 

Beef  broth.     Tube  (No.  1),  T)  hatched  out  of  7. 
„      (No.  2),  (i        „  „      7. 

„      (No.  3),  4        „  „      7. 

All  the  larvae  were  making  slow  progress. 

Peptone  broth.     Tube  (No.  I),  5  hatched  out  of  6  (2  larvae  dead);  slight  progress. 
„      (No.  2),  4        „  „      6 ;  slight  progress. 

„      (No.  3),  2        „  „      5 ;  very  slight  progress. 

,,      (No.  4),  2        „  ,,      fi;  little,  if  any,  progress. 

On  the  8th  day  from  start: 

Boiled  distilled  water.     Larva  st^ll  in  first  instar. 

Peptone  water.     No  change,  the  larvae  still  in  first  instar. 

Beef  broth.     A  few  more  eggs  had  hatched ;  the  numbers  are  now : 
Tube  (No.  1),  ()  hatched  out  of  7. 

„     (No.  2),  7        „  „      7. 

„     (No.  3),  4       „  „      7. 

All  the  larvae  show  slight  growth,  most  of  them  being  in  the  second  instar,  but 
one  has  not  passed  its  first  moult. 

Peptone  broth.     The  living  larvae  are  now: 

Tube  (No.  1),  4  out  of  G  eggs. 
„      (No.  2),  4      „      G      „ 
„      (No.  3),  2      „      5      „ 
„      (No.  4),  4      „      G      „ 

Shght  growth  was  apparent,  but  none  had  passed  the  first  moult. 

On  the  nth  day  from  start: 

One  of  the  peptone  ivater  tubes  in  wiii(th  none  of  the  eggs  had  hatched  was 
inoculated  with  B.  coli;  by  next  morning  (18  hours  later)  all  the  eggs  in  this  tube 
had  hatched. 

In  tube  No.  4  of  the  peptone  brolh  tubes  sterility  had  broken  down,  and  there 
was  a  slight  bacterial  infection.  In  tliis  tube  only  were  tiie  larvae  making  any 
progress ;  in  all  the  other  peptone  tubes  tho  larvae  were  marking  time. 
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Beef  broth,  lii  two  tubes  (Nos.  1  and  2),  the  larvae  were  growing  steadily,  if 
slowly ;  in  Xo.  3  progress  was  very  slow. 

On  the  14th  day : 

The  larva  which  hatched  in  the  boiled  distilled  water  died  in  its  lirst  instar. 

Peptone  water.  One  of  the  two  larvaP  which  hatched  in  the  sterile  tube  was 
dead.  In  the  B.  colt  infected  tub(»  the  larvae  had  already  passed  the  second  moult 
(about  48  hours  after  hatching).  In  tiie  third  lube,  which  rcnnaincd  sterile,  the  eggs 
were  still  unhatchetl. 

Peptone  broth.  Tube  (No.  .'{),  ont^  of  the  two  larvae  was  dead,  the  other  had 
moulted;  (No.  2),  3  larvae  were  in  the  second  and  1  in  its  third  instar,  all  small 
and  ill-grown.  In  tube  No.  I  another  larva  had  hatched,  but  one  of  those  which 
had  emerged  previously  was  dead;  of  the  living  2  were  in  the  second  and  2  in  the 
first  instar.  In  the  infected  tube  (No.  4)  the  larvae  were  making  slow  but  steady 
progress  in  their  second  and  third  instars. 

Beef  broth.  Tubes  Nos.  1  and  2  had  become  iiitected  and  the  larvae  were  pro- 
gressing. 

1 5th  day: 

Didilled  water.     A  second  larva  had  emerged  in  this  tube. 

Tap  water.     Eggs  still  dormant. 

Peptone  luater.  In  the  B.  coli  infected  tube  all  the  larvae  had  reached  their 
fourth  iastar  and  one  had  died. 

To  the  sterile  tube  in  whicli  no  eggs  had  hatched  •">  c.c.  of  ■sterile  watery  extract 
of  brewers'  yeast  was  adtled.     (Without  result.) 

Peptone  broth.  Tube  (No.  1),  the  two  first  instar  larvae  were  taken  to  test  if 
change  to  a  different  media  woukl  affect  growth.  A  note  will  be  found  at  the  end 
of  this  experiment  (page  511),  both  the  second  instar  larvae  were  dead;  (Nos.  2 
and  3),  no  change;    (No.  4),  the  infected  tube,  the  larvae  were  making  slow  progress. 

Beef  broth.  The  larvae  in  the  infected  tubes  (Nos.  I  and  2)  progress  steadily; 
in  No.  3  the  progress  is  scarcely  perceptible. 

1 9th  day: 

Distilled  water.     The  second  larva  which  hatched  was  also  dead. 

Tap  water.     None  of  the  eggs  had  hatched. 

Peptone  water.  In  the  tube  infected  with  />.  coli  all  the  larvae  reached  full 
growth  and  then  dunl. 

Of  the  larvae  which  hatched  out  in  the  sterile  tube,  1  had  died;  the  living  ones 
made  no  progress. 

The  eggs  in  the  tube  to  which  sterile  yeast  extract  was  added  had  not  hatched. 

Peptone  broth.  (No.  1),  no  living  larvae  remained;  (Nos.  2  and  3),  the  larvae 
all  dead;  (No.  4),  growth  was  variable,  the  larvae  which  hatched  prior  to  infection 
were  ahead  of  the  others. 

Beef  broth.  Larvae  in  the  sterile  tube  were  making  very  slow  progress;  in  the 
infected  tubes  they  were  growing  steadily,  though  not  rapidly. 

22nd  day: 

Distilled  water  and  Tap  water.     No  change. 

Peptone  ivater.  In  the  sterile  tube  the  larvae  made  no  progress.  The  yeast 
extract  did  not  cause  the  eggs  to  hatch  in  the  third  tube;  this  tube  was  inoculated 
with  a  living  yeast  and  the  eggs  hatched  during  the  night. 
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24  th  day: 

Tap  intlrr.  Tlio  og^.s  lay  dormant  in  this  tube  for  24  days;  1  c.c.  of  an  auto- 
ly/.cd  extract  of  hnnvors'  yojist  was  added  (al)out  20%);  the  eg^s  liatched  witliin 
15  minutes;   tlu^  larva(\  however,  died. 

(Quantities,  up  to  about  10%,  of  this  stcriU;  (extract  wore;  added  to  the  sterile 
tui)(\s  of  ])ej)toiu^  walcr  and  peptone  hrolh  in  whi('h  unhatehed  eggs  were  lying, 
but  no  further  larvae  enuMged,  and  the  larvae;  which  liad  already  hatched  in  these 
tubes  did  not  respond  l)y  growing. 

28th  day : 

Peptone  water  tiiJic  (in  which  the  eggs  hatched  on  tlu;  22n(l  day  following  an 
inoculation  with  a  living  yeast).  The  larvae  showed  slow  and  varied  growth ; 
they  eventually  died  without  pupating — the  growth  of  yeast  in  the  tube  being 
presumably  too  feeble  to  supply  suflicient  nutrition. 

The  larvae  in  the  sterile  tube  of  peptone  water  to  which  sterile  yeast  extract 
had  been  added,  lived  on  for  a  long  while,  making  little  or  no  progress.  A  number 
were  still  living  95  days  after  the  start  of  the  experiment,  and  one  lingered  on  until 
the  113th  day,  when  it  was  still  in  its  second  instar. 

Beef  broth.  The  larvae  in  the  sterile  tube  progressed  very  slowly,  sterility  being 
maintained  as  shown  by  the  sub-culture  tests  made  at  intervals.  After  50  days 
a  few  adults  were  reared ;  these  emerged  at  intervals  over  a  period  of  10  or  12  days, 
one,  which  fell  into  the  broth  and  was  drowned,  was  transferred  with  a  platinum 
loop  to  a  tube  of  sterile  broth,  but  no  growth  ensued.  A  living  specimen  was  fed 
on  a  carefully  cleansed  patch  of  skin  on  the  arm,  producing  the  same  quickly 
passing  reaction  mark  as  do  normally  bred  8.  fasciata  when  they  bite  this  individual. 
This  observation  suggests  that  Schaudin's  opinion  that  the  reaction  following  the 
bite  of  the  mosquito  is  due  to  a  ferment  is  possibly  incorrect.  An  attempt  to  feed 
another  specimen,  reared  subsequently  under  sterile  conditions,  on  the  arm  of  a 
lady,  who  showed  a  very  marlccd  reaction  to  the  bites  of  S.  fasciata,  failed  £is  the 
insect  died  without  biting,  although  tested  on  several  successive  days. 

Result  of  test  carried  out  on  larvae  taken  from  Tube  No.  1 
peptone  broth  on  the  15th  day. 

Two  larvae  were  withdrawn  by  Pasteur  pipette  on  the  15th  day  from  one  of  the 
peptone  broth  tubes  which  had  remained  sterile. 

One  of  these  larvae  was  transferred  to  a  tube  of  broth  made  from  dried  and 
powdered  insects  (mostly  house  flies),  the  other  to  a  tube  of  water,  in  which  horse 
dung  had  been  steeped.  Both  these  tubes  had  been  autoclaved.  The  plan  was  to 
test  if  a  change  of  diet  under  sterile  conditions  would  affect  growth.  The  larvae 
at  first  made  no  progress,  but  after  48  hours  they  began  to  show  signs  of  slow  growth, 
which  continued  for  .'30  to  40  days,  by  which  time  the  larvae  were  little  more  than 
half  grown.  They  then  marked  time  during  a  period  of  10  or  12  days  and  died 
without  making  any  further  progress. 

Experiment  XII. 

This  test  was  carried  oul  with  a  view  to  deciding  if  sterilized  media  of  a  kind 
more  likely  to  be  encountered  in  nature  than  those  prepiU'ed  for  bacteriological 
experiments  would  allow  of  the  larvae  developing. 
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For  this  puipoHo  tubes  of  watt-r  in  wtiich  liorso  dun-  [,acl  been  steoiMxl  for  48 
hours  and  of  u  brotli  made  i.i  tiot  water  from  dead  insectH  were  autoclaved.  Jioth 
media  when  tested  under  unsteriUzed  eonditioiLs  had  l,een  found  to  afford  excellent 
breeding  results. 

Eggs  sterihzed  by  Method  b  were  transferred  to  the  tubes  by  Pasteur  pipette 
iHs^t  hroth.  Xo  e^^gs  hatched  within  18  hours,  but  a  few  larvae  were  out  in 
tubes  Aos.  1  and  2  after  48  hours.  None  of  the  eggs  had  hatched  in  tube  Xo  3 
One  or  two  larvae  were  out  in  this  tube  also,  after  72  hours.  It  was  significant 
however,  that  a  small  mould  was  observed  on  a  group  of  floating  eggs  in  tube  Xo  3 
(Subsequent  experiments  showed  that  the  growth  of  u  mould  acted  as  a  stimulant 
causnig  eggs  to  hatch.) 

Dui-ing  5  days  the  larvae  made  slow  but  steady  growth  in  tubes  1  and  2.  but 
made  no  perceptible  progress  in  No.  3. 

Tests  showed  that  sterility  had  broken  down  in  tubes  1  and  2,  a  feebly  growing 
species  of  bacteria  being  present  when  tested  after  8  days. 

The  development  of  the  insects  wa«  very  slow,  taking  about  50  days.  In  tube 
No.  3  a  larva  was  still  living,  being  only  in  its  third  skin  after  a  period  of  05  days. 
Ihis  larva  died  subsequently. 

There  was  some  mortahty  in  the  late  larval  stage,  but  a  few  adults  were  reared 
in  each  of  tubes  1  and  2. 

Manure  water.     No  eggs  hatched  within  18  houi-s. 

A  few  larvae  were  out  in  one  tube  within  48  hours. 

Larvae  were  out  in  all  tubes  within  72  hours. 

Durhig  5  days  the  larvae  made  slow  but  steady  growth  in  all  the  tubes,  and 
wore  in  either  the  close  of  the  second  instar  or  the  beginning  of  the  third    'pro 
gress  W.IS  slower  in  one  tube  than  the  others,  but  tests  proved  that  all  the  tubes 
were  infected  with  some  feebly  growing  bacteria.     The  larvae  lived  some  40  or  50 
days,  eventually  reaching  the  fourth  larval  instar,  but  all  died  without  pupating. 

Experiment  XIII. 

A  number  of  further  trials  were  made,  using  insect  broth  and  manure  water 
li.ggs  were  transferred  to  12  tubes  of  the  former  and  U  of  the  latter;  in  a  few  of 
these  tubes  sterihty  was  maintained  and  some  were  used  in  Experiment  XX 

In  the  majority  of  cases  the  eggs  iiatehed  in  eonse(iuence  of  the  development  of 
nioukls,  or  showed  a  feeble  slow-growing  bacillus.  The  results  in  the  sterile  tubes 
showed  that  very  slow  or  no  progress  took  place  in  them.  The  larvae  which 
succeeded  in  growing  finally  died  before  their  full  sixe  was  attained  and  there 
was  a  suspicion  m  these  ca^es  of  some  feebly  growing  bacillus  which  had  escaped 
the  sub-culture  test.  In  the  more  numerous  instances  where  the  presence  of  the 
feeble  infection  Wcis  proved  the  larvae  seldom  completed  their  development. 

Experiment  XIV. 

Use  of  killed  culture  of  B.  coli. 

Eggs  placed  in  tubes  containing  broth  cultures  of  B.  coli,  killed  by  heat    failed 

to  hatch  withm  a  period  of  5  days.     A  larva  was  transferred  from  a  sterile  tube  in 

another  experiment.     This  larva  lived  for  a  period  of  over  a  month,  but  failed  to 

make  any  progress.     The  tube  was  finally  inoculated  from  a  living  B.  coli  culture 
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ulicn  \\\r  lai\  ;i  died.  'Tliis  result,  Iwus  followed  in  a  iminhcr  of  iiistancoH  when  (ho 
atorilo  condil  it)iis  in  wliicli  larvae^  have  boon  liviiij?  for  a  long  poriod  arc  hrokcn 
down.  In  some  inslanccs  no  doubt  this  has  \)(\cn  duo  to  the.  vioh^iit  character  of 
tho  growth,  with  which  two  or  three  Hrnall  larvae  are  quite  unable  to  co])(!,  but, 
apart  from  this,  it  would  sectn  that  sonic  adjustment  to  th(!  sterile  conditions  has 
occurred  whieli  cannot  easily  l)(>  n^versed.  In  contrast  to  this,  is  tli(!  fact  that 
larvae  which  are  only  starved  hy  keeping  them  short  of  food  in  an  unsterili/.ed 
condition,  arc  quite  able  to  take  advantage  of  an  influx  of  bacteria,  rapid  develop- 
ment following  immediately. 

Experiment  XV. 

Developmenf,  of  larvae  on  a  diet  of  Staphylococcus  aureus. 

(Note  also  tube  No.  7,  Experiment  IX.) 

Eggs  steriHzed  by  Method  b  were  transferred  by  pipette  into  two  tubes  of  pep- 
tone broth.  One  tube  was  inoculated  from  a  B.  coli  culture,  the  other  from  one  of 
S.  aureus. 

Growth  of  the  bacteria  followed  immediately  in  the  aureus  tube  and  the  eggs 
hatched  within  a  few  hours  of  inoculation. 

In  the  B.  coli  tube  the  inoculation  failed;  only  I  egg  hatched,  and  the  larvae 
died  within  3  days.  On  tho  4th  day  the  tube  was  again  inoculated  from  the  same 
culture  of  B.  coli ;  by  the  following  morning  it  was  observed  that  the  second  inocu- 
lation had  been  effective  and  that  the  eggs  had  hatched. 

The  larvae  in  both  tubes  grew  rapidly  and  produced  adults  within  8  to  15  days. 

Experiment  XVI. 

Question  of  the  necesail//  of  .solid  particles  with  the  food,  also  note 
respecting  the  effect  of  past  bacterial  action  on  the  eggs. 

It  was  suggested  by  one  of  our  colleagues  that  the  mosquito  larvae  might  be 
unable  to  obtain  nourishment  in  a  pure  fluid,  particulate  matter  being  essential  to 
their  digestive  processes.  We  therefore  tried  the  effect  of  adding  animal  charcoal 
to  some  tubes  and  not  to  others.  Eggs  that  had  been  kept  moist  from  laying  were 
used  and  sterilized  by  Method  b.  Tho  theory  here  was  to  allow  of  bacterial  action 
on  the  outer  surface  of  the  eggs  up  to  the  moment  of  their  sterilization.  Apparently, 
on  the  showing  of  this  one  test,  the  theory  has  some  basis  as  the  result  showed  more 
eggs  hatching  under  sterile  conditions  than  usual. 

Tho  eggs  were  transferred  to  tubes  of  peptone  water,  peptone  broth,  pure  beef 
broth,  2  %  and  3  %  solutions  of  an  autolyzcd  extract  of  brewers'  yeast  in  distilled 
water.  To  the  yeast  extract  tubes  a  small  quantity  of  animal  charcoal  was  added 
prior  to  their  sterilization. 

Eggs  hatched  in  some  of  the  tubes  within  an  hour  and  many  more  within  two 
hours;  such  rapidity  suggests  past  rather  than  present  bacterial  action,  as  oven  if 
the  tubes  were  infected  at  the  placing  of  the  eggs  in  them,  there  was  little  time  for 
growth,  whereas  all  the  experiments  suggest  that  it  is  the  vigorous  bacterial  action 
of  a  maximum  infection  which  counts  in  causing  hatching. 
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After  00  hours  the  following  hud  emerged : 
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3  %  solution  yctist  extract  ...  4  tubes,  a  few  in  each  tube. 
It  was  noted  that  all  the  larvae  in  the  yeast  extract  tubes  containing  charcoal 
were  making  progress,  the  dark  line  of  their  guts  showing  that  the  charcoal  was 
being  sw  allowed. 
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Sterile;  no  progress. 

Rapid  progress  of  larvae ; 
gas  production  by  bac- 
terial growth. 
0  „  11     „  Very   slight    progress    of 

larvae ;  still  sterile. 
Sterile. 

Very   slight    i)rogress    of 
larvae ;  still  sterile. 
4  larvae  from  about  15.    3  passed  first  moult. 
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1  larva  (dead)  17 
9  larvae  from  17 


IPC      o 
>  >>  ^'J'     ^  >>  >> 

,  ,,  15.  Has  passed  first  moult. 

„  15.  Have     „  „ 

„  15.  1  has  passed  tirst  moult. 

„  15.  3  have  passed  first  moult. 

W'itli  one  exception  tlie  brotli  antl  peptone  tubes  passed  out  of  the  experiment 
owing  to  the  larvae  dying  after  a  protracted  period  of  minimal  progress,  or  owing 
to  sterility  breaking  down  in  the  tubes,  followed  by  the  hatching  of  the  dormant 
eggs  and  ra}>id  development  of  the  larvae. 

Beef  broth.  In  one  tube  of  beef  broth  sterility  was  maintained;  on  the  4Ls/  dai/ 
there  were  4  hving  larvae  in  the  third  instar ;  on  the  IQth  day  tests  showed  that  the 
tube  Wcis  still  sterile,  some  of  the  larvae  having  advanced  to  the  fourth  instar.  On 
the  90//i  (hn/  2  adults  were  reared;  a  small  (juantity  of  broth  from  the  tube,  together 
with  one  of  the  adult  mosquitoes,  was  introduced  into  a  tube  of  peptone  broth  which 
remained  sterile.  The  original  tube  was  infected  with  B.  coli  to  see  if  any  eggs 
were  lying  dormant;  none  hatched,  so  a  few  unsterihzed  eggs  were  added  to  test 
the  nutritive  properties  of  the  broth  after  infection.  Larvae  emerged  from  the 
eggs  the  same  day,  bj-  the  8th  day  nearly  all  had  passed  the  third  moult. 

Yeast  extract  so1utio)L  Eggs  were  transferred  after  sterilization  to  a  few  tubes 
of  3  %  solution  of  an  autolyzed  extract  of  brewers'  yeast ;   no  charcoal  being  added, 

^  The  presence  of  animal  charcoal  in  the  tubes  rendered  an  exact  count  impossible. 
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I.iivnc  liiitclKMl  ill  some  of  tlicsc  tulx's,  hut  made  still  slower  progress  than  did  those 
with  charcoal,  Ix'haviii;^  as  did  the  larvae;  in  stcriU^  [jcptonc  waf(;r  or  p(^|)tono  hroth, 
generally  <lyin^  in  their  lirst  instarand  hut  v(!ry  excc^ptioiially  surviving  to  the;  tliird. 

2%  solution  of  i/c(i.sl  r.rlnirl  irilfi  churcoal  added.  Aft(!r  50  days  in  one  tube 
(No,  30)  there  were  several  larvae  in  the  third  instar  and  at  least  one  in  the  fourth; 
1  ha<i  pupatefl  hut  the  pupa  dicHl.  All  the  larvae  were  lank  and  slender  and  had 
failed  to  develop  the  fat  l)odi(>s  which,  towards  the  close  of  the  larval  life,  hecome 
rather  obvious  owing  to  the  opiupic  wliite  appearance  that  they  give  to  the  larvae. 

The  second  tube  (No.  .'U)  (sontained  4  larvae  in  their  fourth  instar,  all  deficient 
in  fat  deposits. 

One  tube  (No.  32)  contained  a  single  weakly  looking  fourth  instar  larva;  the 
eiuainder  were  dead. 

Another  (No.  33)  contained  4  fourth  instar  larvae,  all  deficient#n  fat. 

In  tube  No.  34  none  of  the  larvae  had  got  past  the  third  skin.  By  the  56th  day 
the  larvae  in  tubes  31  and  32  were  dead. 

One  larva  was  living  in  tube  30  on  the  76th  day,  but  died  before  the  95th  day. 
In  tube  No.  33  two  larvae  lived  until  the  76th  day  and  one  until  the  123rd  day, 
when  it  died.  In  tube  No.  34  two  larvae  lived  until  the  76th  day;  between  the 
76th  and  95th  days  several  larvae  hatched  from  dormant  eggs  in  this  tube.  Tests 
showed  that  sterility  was  still  maintained  ;  by  the  107th  day  all  the  recently  emerged 
larvae  were  dead  except  one,  and  this  had  passed  the  first  moult ;  two  died  between 
the  107th  and  123rd  day.  Between  the  123rd  and  143rd  day  moulds  developed  in 
the  tube  and  the  last  surviving  larva  died. 

Experiment  XVII. 

A  further  series  of  tubes  containing  a  3  %  solution  of  autolyzed  extract  of 
brewers'  yeast  in  distilled  water,  some  with  and  others  without  charcoal,  were 
prepared. 

23  days  from  start. 

No.  51,  sterile,  larvae.     Slender  in  second  or  third  instar. 
No.  52       „  „  Slender  in  third  or  fourth  instar. 

No.  53       „  „         Great  disparity  of  growth  in  all  instars  from  first  to 

fourth  skin;    all  slender. 
No.  54       „  ,,         Slender  in  second  or  third  instar. 

No.  55       ,,  ,,  Great  disparity  of  growth   in  all  instars  from  first   to 

fourth  skin ;  all  slender. 
Tubes,  with  charcoal,  56  and  57. 

No.  56,  a  mould  grew,  the  larvae  had  grown  steadily  and  were  in  fourth  instar. 
No.  57,  sterile  larvae  show  slow  but  healthy  growth,  are  rather  more  robust 
than  those  in  the  tubes  without  charcoal,  but  are  only  in  second 
and  third  skin. 

40  days  from  start. 

Nos.  51  to  55  without  charcoal.     No  appreciable  progress  in  the  last  17  days. 
Nos.  56  and  57  with  chnrconl. 

No.  56,  larvae  have  all  died  without  pupating. 

No.  57,  no  appreciable  progress. 
Parasitology  ix  34 


51 H  Stcii^omyia  fjisciata 

56  days  from  start. 

Nos.  51  to  55  without  charcoal. 

No.  51,  sterile.     Most  of  the  larvae  in  their  third  instar;    one  or  two  possibly 

dwarfed  in  fourth  instar. 
No.  52,  sterile.     Only  2  larvae  living,  1  in  third  instar,  I  in  fourth  iiLstar. 
No.  53,  a  mould  present;   1  ?  reared,  larvae  in  second,  third  and  fourth  instars, 

still  living. 
No.  54,  sterile.     All  in  third  instar. 
No.  55,  sterile.     2  larvae  in  fourth  instar ;   1  pupa. 

With  charcoal. 
No.  57,  all  the  larvae  now  in  third  instar. 

78  days  from  start. 
Without  charcoal. 
No.  51,  apparently  sterile;  little  if  any  change. 
No.  52,  „  ,«  »  yj 

No.  53,  mould  present ;  most  are  in  fourth  instar. 
No.  54,  apparently  sterile;  Uttle  if  any  change. 

No.  55,  apparently  sterile;    1   adult,    1  third  or  dwarfed  fourth  instar  larva; 
1  larva  dead. 

With  charcoal. 
No.  57,  sterile;  slight  if  any  change. 

90  days  from  start. 

Without  charcoal. 

No.  51,  sterile;  no  noticeable  change. 

No.  52,       „  „  „ 

No.  53,  mould  has  increased  in  size;  only  I  larva  hving 

No.  54,  sterile ;  no  noticeable  change. 

No.  55,       „  „  .. 

With  charcoal. 

No.  57,  sterile ;   slight  progress. 

106  days  from  start. 
Without  charcoal. 

No.  51,  sterile;  no  apparent  change. 

No.  52,  sterile;   dormant  eggs  have  hatched;   there  are  now  5  living  larvae. 

No.  53,  all  dead,  the  last  surviving  larva  died  on  or  about  the  95th  day. 

No.  54,  sterile ;  no  noticeable  change. 

No.  55,        ),  ,.  >> 

With  charcoal. 

No.  57,  sterile;  only  1  larva  now  hving. 

126  days  from  start. 
Without  charcoal. 
No.  51,  sterile;  little  if  any  change;  3  larvae  still  Hving. 

No.  52,  sterile ;  4    larvae   hving ;    those  recently   hatched    have    made   sHght 
progress. 
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No.  54,  sterile;  2  larvao  living;  littlo  if  any  change. 

No.  5/),  siciilc;  2  larvao  living;    1  in  fourth  and  I  in  second  instar. 

With  charcoal. 
No.  57,  the  last  larva  is  now  dead. 

F^vaporation  had  so  reduced  the  quantity  of  fliiid  that  boiled  distilled  water  was 
added  to  tubes  Nos.  51,  52,  54  and  55.  Following  the  addition  of  the  water  a  few 
eggs  that  had  lain  dormant  in  tubes  Nos.  51,  54  and  55  hatched. 

Nine  days  later,  135  days  from  start. 

No.  51,  it  was  found  that  all  the  larvae  were  dead. 

No.  52,  1  of  the  4  larvae  died. 

No.  54,  only  1  of  the  2  original  larvae  living;  those  that  hatched  out  recently 
are  dead. 

No.  55,  the  recently  hatched  larvae  have  disappeared,  possibly  swallowed  by 
the  larger  ones. 

Tube  No.  54  inoculated  with  a  yeast  {S.  cerevisiae). 

142  days  from  start. 

No.  52,  all  the  old  larvae  are  dead,  the  last  two  died  with  their  jaws  entangled 
in  a  small  tuft  of  hair.     The  three  survivors  are  growing  steadily.     (Sterile.) 

No.  54,  this  tube  was  inoculated  with  a  yeast  {8.  cerevisiae) ;  the  surviving 
larva  after  one  week  looks  large  and  stout  in  comparison  with  its  dead  companions. 

No.  55,  the  surviving  old  larva  is  still  active,  two  of  those  which  hatched  after 
the  addition  of  fresh  water  are  living  and  are  now  in  second  skin.     (Sterile.) 

152  days  from  start. 

No.  52,  moulds  grew  in  the  tube ;  the  three  last  larvae  died. 

No.  54,  the  surviving  larva  pupated. 

Xo.  DO,  the  old  larva  is  dead  and  also  one  of  the  recently  hatched  ones. 

Tube  No.  55  was  inoculated  with  {S.  cerevisiae). 

168  days  from  start. 
No.  54,  the  pupa  died. 
No.  55,  an  adult  ?  was  reared  from  the  surviving  larva  in  this  tube. 

Experiment  XVIII. 

Killed  B.  coli  culture  and  manipulated  milk. 

A  tube  of  distilled  water,  to  which  washed  B.  coli  had  been  added,  was  sterilized 
by  heat,  and  a  sterile  larva  introduced  that  had  hatched  out  in  peptone  broth. 
After  13  days  during  which  the  larva  made  no  progress,  1  c.c.  of  sterihzed  milk, 
the  colloid  particles  of  which  were  increased  in  size  but  not  precipitated  by  a 
manipulation  of  its  acidity,  was  added.  No  progress  occurred  within  3  days ;  the  tube 
was  inoculated  from  a  tube  of  broth  in  which  a  certain  species  of  bacterium  had 
developed.  (This  culture  was  used  because  its  speed  of  growth  under  the  conditions 
of  the  experiment  had  allowed  the  larva  in  the  tube  to  develop  satisfactorily.)  The 
larva  at  once  commenced  to  grow,  and  pupated  within  20  days,  an  adult  emerging 
in  due  courae. 

34—2 
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Experiment  XIX. 

A  iiuiiiber  of  tube-s  were  prepared  and  sterilized  containing  ap{)ropriato  quantities 
of  the  following  in  ilistilled  water ;  sterile  tiltrate  from  a  culture  of  B.  coli  with  white 
of  egg,  trtjated  so  as  to  form  a  line  precipitate;  filtrate  of  B.  colt  with  milk  in  which 
the  casein  particles  had  been  increased  in  size;  and  B.  coli  filtrate  without  any 
addition. 

Larvae  were  taken  from  a  sterile  tube  of  peptone  water  in  which  they  had  hatched 
16  days  previously;  they  were  still  in  the  first  instar,  having  made  barely  j^er- 
eeptible  progress  iluring  16  days.  Shght  progress  followed  over  a  protractt^l  period 
in  the  tubes  (containing  white  of  egg  and  milk)  wliich  remained  sterile,  but  in  all 
cases  it  came  to  a  standstill  when  the  larvae  were  still  small,  in  the  second  or  third 
skin,  after  which  they  pined  away  and  died.  In  one  or  two  instances  sterility  broke 
down  and  was  generally  followed  by  a  sudden  spurt  of  growth.  In  most  cases, 
however,  the  growth  of  bticteria  proved  over-violent  and  killed  the  iiLsects  ere  they 
had  time  to  develop. 

Experiment  XX. 

The  treated  milk  was  also  added  to  tubes  of  yeast  extract  solution,  peptone 
water  and  manure  water,  in  which  eggs  had  hatched  and  the  larvae  v/ere  unable 
to  develop  owing  to  the  sterile  conditions.  In  no  case  did  the  addition  of  the 
milk  produce  any  change  in  the  scarcely  perceptible  progress  that  the  larvae  made. 
Sterile  filtrate  of  B.  coli  in  the  proportion  of  about  1  in  10  was  added  to  these  tubes 
after  the  lapse  of  10  or  12  days,  and  also  to  sterile  tubes  of  insect  broth  and  3% 
yeast  extract  solution.  During  5  days  no  change  resulted  from  the  acUlition  of 
the  filtrate,  the  scarcely  perceptible  growth  that  was  taking  place  in  some  only  of 
the  tubes  Wtis  not  appreciably  quickened,  in  other  Ccises  when  the  larvae  had  already 
arrived  at  the  marking  time  phase  no  progress  was  induced. 

The  following  notes  refer  to  some  of  the  tubes  mentioned  above. 

Insect  broth.  A  larva  that  had  hatched  under  sterile  conditions  (see  Experi- 
ment XllI)  Uved  in  the  tube  for  34  days  when  it  was  still  in  the  first  skin;  1  in  7 
of  B.  coli  filtrate  was  added.  No  change  took  place  in  5  days;  then  the  tube  was 
inoculated  with  B.  coli;  eggs  which  had  been  lying  dormant  in  the  tube  for  39  days 
hatched  as  a  result.  Rapid  growth  of  the  larvae  followed,  but  it  is  not  possible 
to  say  definitely  if  the  larva  which  had  been  marking  time  for  so  long  Wii«  one  of 
those  which  developed  to  adult  stage  within  10  days;  4  had  pupated  and  3  cJo 
and  1  V  emergini  in  due  course. 

Peptone  water.  The  two  or  three  larvae  which  hatched  from  the  eggs  pipetted 
into  the  tube  made  no  progress  during  18  days;  the  treated  milk  was  added — 
the  larvae  made  no  progress  and  died  out  within  three  weeks.  Eggs  had  been 
lying  dormant  in  this  tube  for  39  days.  The  tube  was  inoculated  with  B.  coli  and 
these  eggs  hatched  within  a  few  hours.  The  larvae  commenced  to  make  rapid 
progress,   but  their  history  was  not  followed  up. 

Yeast  extract  i)i  distilled  water.  Three  or  four  larvae  hatched  from  the  eggs 
placed  in  this  tube.  They  made  no  perceptible  progress  during  a  week;  treated 
milk  was  added  to  the  tube.  After  20  days  two  of  the  larvae  had  passed  the  first 
moult;   76  days  after  the  addition  of  the  milk  the  larvae  were  still  in  the  second  or 
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third  iiistar,  and  one  had  failed  to  coiiiplclc  its  moult  satiHfactorily.  Three  larvae 
were  still  living  on  the  88th  day  after  the  addition  of  the  milk;  two  were  living  in 
the  same  stage  after  101  days  and  one  after  124  days.  Sterile  water  was  then  added 
to  the  tul)e  to  replace  evaporation  and  th(5  tuhe  was  inoculated  from  a  li.  coli 
culture;  the  xioleiiee  of  the  growth,  howcv(M-,  killed  the  larvae.  (EggH  were  added 
to  the  tube;  they  hatehed  almost  immediately  and  the  larvae  won;  kilksd  off  within 
a  day.  showing  that  the  d(>atli  of  the  larvae  whieli  had  lingererl  nn  for  so  long  a  time 
was  not  in  all  probability  eonneet(Ml  with  tluiir  age.) 


Various  egg  halchiag  and  larva  feeding  tests. 
Experiment  XXI. 

Sterile  tubes  prepared  of  filtrate  from  a  B.  coli  culture;  B.  coli  filtrate  and 
precipitated  white  of  egg;  B.  coli  filtrate  and  milk  in  which  the  casein  particles 
had  been  enlarged ;  autolyzed  yeast  extract  in  distilled  water ;  peptone  water ;  and 
distilled  water. 

Eggs  sterilized  by  Method  b  were  pipetted  into  each  tube. 


4S  hours  96  hours 

All  hatched*    All*  larvae  growing  rapidly 
All  hatched*    All*  larvae  growing  rapidly 
All  hatehed*    All*  larvae  growing  rapidly 
1  All*  larvae  growing  rapidly 

0  2,  hatching  became  general 

and  a  mould  appeared 
Used  for  special  test,  see  Experiment  IV, 
page  503. 
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All  hatched* 
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Larvae  growing  rapidly 
Larvae  growing  rapidly 


All  hatched*       Larvae  growing  rapidly 


No  change 


No  change 
1 
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Used  in  a  special  test ;  see  Experiment  IV, 
page  503. 


*  Tested  for  sterility — all  proved  to  be  infected. 
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After  120  hours.  The  larvae  in  all  the  Htarred  (infected)  tubes  continued  to  grow 
rapidly:  in  the  filtrate  tube  in  which  a  mould  appeared,  all  the  eggs  hatched  but 
the  larvae  made  no  progress. 

Films  from  the  filtrate  tubes  in  which  sterility  broke  down  stained  by  Oram's 
method  showed  a  mixed  infection  of  bacteria  other  than  B.  coli.  One  tube  showed 
sporing  forms.  The  results  were  consistent  with  the  explanation  that  the  tubes 
were  infected  by  organisms  on  the  eggs,  some  of  which  had  escaped  the  sterihzing 
process. 

Of  the  two  peptone  water  tubes  all  the  eggs  in  one  tube  hatched ;  a  mould  was 
noticed  developing  in  the  tube.  The  larvae  made  little  if  any  progress  during  a 
period  of  20  days,  the  mould  gradually  increasing  at  the  surface  of  the  fluid.  The 
larvae  were  all  dead  within  a  month  of  hatching.  1  c.c.  of  the  sterile  filtrate  of 
B.  coli  was  added  to  the  remaining  peptone  water  tube  and  the  two  tubes  of  distilled 
water.  Within  4  days  all  the  eggs  hatched  in  the  peptone  water  tube,  but  it  was 
evident  that  sterility  had  broken  down.  The  larvae  made  rapid  progress,  but 
failed  in  their  race  with  the  bacteria — the  fluid  in  the  tube  becoming  very  foul  and 
the  larvae  died. 

Sterility  also  broke  down  in  the  two  tubes  of  distilled  water,  to  which  the  filtrate 
was  added.  It  is  quite  possible  that  it  had  broken  down  at  the  time  when  the 
eggs  began  to  hatch,  but  as  the  tube  was  not  testetl  the  fact  was  not  apparent  until 
the  filtrate  was  added.  The  larvae  made  rapid  progress  at  fii'st,  but  it  soon  appearetl 
that  they  had  exhausted  the  food  supply  as,  although  they  continued  healthy,  no 
progress  wtis  made.  The  larvae  gratlually  tlied  off  -a  few  survivors  lingered  on 
until  tlie  88th  day;  they  were  then  small  and  undersized  in  the  third  or  fourth 
instar.  Moulds  were  developing  in  both  tubes  and  the  death  of  the  larvae  followed 
in  a  few  days.  Concerning  the  filtrate  tubes  to  which  precipitated  white  of  egg  and 
treated  milk  were  added  nothing  of  interest  remains  to  be  said;  all  were  infected 
with  a  species  of  bacterium  that  required  cool  conditions — GO''  to  05°  F. — for  its 
favourable  development.  The  larvae  grew  rapidly  at  first  but  slowed  down  after 
a  few  days ;  after  the  8th  day  they  were  still  in  the  thiid  instar.  Those  in  the  tube 
to  which  milk  was  added  attained  the  fourth  instar  by  the  12th  day  and  then  died. 
The  larvae  in  one  of  the  white  of  egg  and  filtrate  tubes  developed  slowly  antl  2 
adults  were  reared  within  a  month,  but  a  mould  had  developed  in  the  tube,  and  the 
remaining  larva  died.  In  the  other  tube  a  mould  also  developed  and  all  died  as 
larvae. 

3%  Yeast  extract  solution.  Xos.  100  and  107.  No  larvae  hatched  within 
90  hoursj  but  one  was  out  in  each  tube  within  120  hours;  these  larvae  died  within 
2  or  .'}  days.  In  one  tube  no  more  eggs  hatched  within  10  days;  in  the  other  a  few 
larvae  emerged  and  died.  On  the  12th  day  both  tubes  were  inoculated  from  a  cul- 
ture of  a  yeast;  the  eggs  hatched  during  the  night,  in  one  tube  they  all  died,  but  in 
the  other  a  few  of  the  larvae  made  rapid  progress.  Three  o  specimens  were  reared 
within  18  days  of  the  inoculation  and  three  $$  followed  a  week  or  so  later. 

2  %  Yeast  extract  solution  with  charcoal.  One  tube ;  within  24  hours  G  or  7 
larvae  had  hatched,  the  larvae  making  slight  if  any  progress  within  3  days  of  hatch- 
ing; within  the  next  few  days  moulds  commenced  to  grow.  By  the  7tli  day  after 
hatching  a  few  larvae  had  passed  their  first  moult.  Some  of  the  larvae  attained  to 
the  fomth  instar  within  20  days  of  hatching,  but  the  growth  of  moulds  had  made 
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considerable    progmss    by    thi.s    tiinc,    and    flic    larvae   dU(\    wit  bin    2   or   .'i   dayH. 
Infection   hi/  Ixirlcrid   in   lulddion   lo  ihe.  mould.t  was  probable. 

Exi'KIUMKNT    XXll. 

IManiicd  to  contrast  tbc  cITcct,  if  any,  on  batcbing  olJi.  coli  filtrate,  beef  broth 
and  distilled  water.  It  failed  owing  to  the  inunb<!r  of  tubes  in  which  sterility  broke 
down.  The  experiment,  however,  affords  tividenee  relative  to  the  efT(!ct  of  the 
growth  of  moulds  and  the  ability  of  the  larvae  to  develop  on  a  diet  of  living  yeast 
cells. 

To  each  of  9  tubes  containing  G  c.c.  of  sterile  distilled  water,  was  added  1  c.c. 
of  filtrate  from  a  culture  of  B.  coli. 

To  each  of  G  tubes  was  added  1  c.c.  of  plain  beef  broth. 

Eight  tubes  contained  the  distilled  water  only. 

Eggs  were  steriUzed  by  Method  c  and  from  12  to  20  pipetted  into  each  tube. 

After  24  hours. 

Filtrate  and  water.  7  of  the  tubes  have  at  least  20  eggs ;  2  have  only  12  in  them. 
In  all  the  tubes  there  are  one  or  more  larvae  swimming.  In  most  of  the  tubes 
there  are  5  or  G  larvae ;  in  one  8  or  9,  and  in  one  a  dozen. 

Beef  broth.  Four  of  the  tubes  had  12  to  18  eggs;  two  had  at  least  20  eggs  in 
them.     The  hatchings  were :    2  :  1  :  2  :  1  :  8  :  2. 

Distilled  water.  Six  of  the  tubes  had  from  12  to  20  eggs;  two  had  20.  The 
hatchings  were:     1:1:0:0:0:2:0:0. 

After  4  days. 

Filtrate  and  water.  In  one  tube  (No.  9)  there  was  a  bacterial  growth;  the  water 
was  cloudy;  all  the  eggs  had  hatched  and  the  larvae  showed  vigorous  progress. 
In  all  the  remaining  tubes,  though  hatching  was  general,  larval  progress  was  not 
evident;  there  was  no  bacterial  growth,  but  moulds  had  commenced  to  grow  in 
the  tubes. 

Beef  broth  and*  water.  In  two  tubes  (2  and  6)  bacterial  growth  started ;  in  two 
(1  and  5)  moulds  grew,  while  two  (3  and  4)  remained  sterile.  Hatching  was  general, 
but  not  complete  in  those  tubes  which  were  not  infected  by  bacteria  or  moulds; 
larval  growth  was  rapid  only  in  those  containing  bacteria. 

Distilled  water.  In  two  of  the  tubes  two  or  three  eggs  hatched;  in  three  one 
hatched,  while  in  three  no  larvae  emerged. 

Subsequent  history. 

Filtrate  and  water.     Nine  tubes  numbered  1  to  9. 

No.  1  had  a  double  infection  of  bacteria  and  moulds;  one  undersized  (S  bred  after 
35  or  40  days,  remainder  died. 

No.  2,  white  surface  moulds  gradually  increased,  and  the  larvae  gradually  died 
off ;   1  Uved  GO  days,  and  died  in  the  thiid  instar. 

No.  3,  dark  surface  moulds  grew  gradually ;  1  larva  Uved  53  days  but  died  in 
the  third  instar. 

No.  4,  grey  surface  moulds  grew  gradually;  none  of  the  larvae  passed  the 
second  moult — all  died  within  50  days. 
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No.  5,  the  mould  iii  thia  tube  was  more  vigorous;  it  formed  Hocculent  tufts  just 
beneath  the  surface.  The  last  larva  to  die  was  in  its  tliird  instar.  None  lived 
beyond  50  days. 

No.  t),  white  surface  moulds  grew  gratlually ;  3  larvae  were  living  on  the  53rd 
day;  the  last  survivor  died  in  the  third  instar  within  GO  days. 

No.  7,  in  addition  to  floating  moulds,  this  tube  had  a  heavy  bacterial  growth 
in  it.  2  fourth  instar  and  1  second  instar  larvae  were  living  on  the  (>9th  day,  but  all 
died  without  reaching  pupal  stage. 

No.  8,  small  globular  moulds  developed  at  the  bottom  of  the  tube;  all  the  larvae 
died  in  the  first  or  second  instar  early  in  the  course  of  the  experiment. 

No.  9,  this  tube  had  an  obvious  infection,  a  surface  scum  formed,  but  there 
was  no  trace  of  masses  of  mould,  as  in  the  other  tubes;  5  larvae  lingered  in  the 
second  and  third  instars  until  the  53rd  day,  but  all  died  out  by  the  G9th. 

Beef  broth  and  water. 

No.  1,  a  white  surface  mould ;  all  larvae  died  in  first  and  second  skin. 

No.  2,  a  weak,  double  bacterial  infection;  larval  progress  slight;  several  larvae 
in  second  and  third  skin  were  Uving  on  53rd  day;  by  the  10()th  day  1  larva  was 
still  living  and  a  sub-culture  in  broth  gave  no  result,  the  infection  being  presumably 
too  slight.  1  c.c.  of  broth  was  added  to  the  tube  and  subsequently  -5  c.c.  from  the 
tube  was  added  to  sub-culture  broth  tube.  Result:  infected.  A  larva  hatched 
from  a  dormant  egg  within  two  hours  of  the  addition  of  broth,  presumably  as  the 
result  of  increased  bacterial  growth  consequent  upon  the  addition  of  fresh  nutritive 
material. 

No.  3,  this  tube  remained  sterile"  to  all  the  tests  apphed;  1  larva  reached  second 
and  1  the  third  skin  by  the  53rd  day;    both  died  subsequently. 

No.  4,  this  tube  remained  sterile;  5  larvae  were  still  living  in  the  first  instar  on 
the  21st  day;  on  the  28th  day  the  larvae  showed  little  if  any  progress.  A  mass 
of  hving  yeast  cells  {S.  cerevisiae),  lifted  from  a  wort  agar  slope,  was  added  to  the 
tube;  several  dormant  eggs  hatched  within  a  few  minutes.  The  larvae  all  grew 
rapidly  and  cleared  the  water,  which  became  cloudy  when  the  yeast  cells  were 
introduced,  within  5  days.  A  fresh  loopful  of  the  yeast  cells'  was  added.  In 
2  days'  time  the  water  was  again  clear,  and  a  fresh  loopful  was  given.  On 
the  13th  day  most  of  the  larvae  were  in  their  fourth  skin  and  one  had  pupated. 
Another  loopful  of  the  yeast  cells  was  given.  A  week  later  a  male  was  reared  and 
a  loopful  of  yeast  cells  added.  A  second  adult,  a  $,  was  reared  on  the  25th  day 
after  infection.  A  further  loopful  of  the  yeast  cells  was  given;  by  the  32nd 
day  3  adults  had  been  reared.  There  were  2  pupae  and  4  fully  developed 
larvae;  further  yeast  cells  were  given.  In  all  8  adults  were  reared  in  40  days. 
The  period  taken  in  this  instance  was  due  to  the  lapse  of  time  between  the  meals 
and  the  small  allowance  of  food  given  at  any  one  time;  had  a  larger  mass  been  given, 
not  above  one- third  of  the  time  would  have  been  taken. 

No.  5,  several  very  small  moulds  grew  at  the  bottom  of  the  tube.  The  larvae 
made  slight  progress;  the  moulds  did  not  develop,  and  apparently  died  out.  The 
lai'vae  made  very  sUght  progress,  but  by  the  40th  day  after  hatching  none  had  passed 
the  second  instar.  Some  of  the  larvae  died,  others  made  slow  progress.  After 
100  days  there  were  2  living,  1  in  the  third  and  1  in  the  fourth  instar.  Tested 
and  found  sterile  on  the  100th  day. 
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\().  (».  this  luhc  (l('\ eloped  a  vigorous  bacterial  j^iowlli;  (Ik;  lurva(}  iiuulu  rapid 
pro^ii'ss,  l)ul  all  died  in  the  second  oi"  Ihiid  skin. 

Distilled  u'dtcr.  Of  the  ei^dil  luhes  to  which  eggs  wcio  added  <^nly  (jiie-  showed 
infection  by  tlic  tests  used;  on  \\w  20th  (hiy  of  the  experiment  the  position  waa  as 
follows  : 

No.  I.  2  eggs  hatched,  I  laivadead.  I  living,  both  in  first  slcin. 

Xo.  2,  none  hatched. 

No.  .'i,  'A  hatched,  I  larva  dead,  2  living,  all  in  first  skin. 

\o.  4,  (>  hatched,  all  dead  in  first  skin. 

Xo.  ;"),  none  hatched. 

No.  (),  5  hatched,  4  dead,  I  living,  all  in  first  skin. 

No.  7,  many  hatched,  probably  all,  larvae  all  dead  but  one;  none  past  first  skin, 
infected  by  nioukl. 

No.  8,  I  hatched ;    larva  living  in  its  first  skin. 

All  the  living  larvae  died  within  a  week  or  two;  the  tubes  containing  dormant 
eggs  were  used  for  the  under-noted  experiment. 

On  the  28th  day  of  experiment  a  loopful  of  living  yeast  cells  {S.  cerevisiae)  was 
added  to  tube  No.  1.  Eggs  which  had  been  lying  dormant  for  28  days  hatched 
within  5  minutes ;  rapid  growth  ensued  and  from  time  to  time  a  fresh  loopful  of  the 
yeast  cells  was  added.  5  adults  were  reared  and  one  specimen  died  in  pupal  stage. 
The  time  taken  was  from  30  to  50  days;  the  quantity  of  food  given  at  five-day 
oi  weekly  intervals — was  a  small  mass  of  cells  scraped  from  a  wort  agar  slope  with 
a  platinum  loop-^only  allowing  of  development  by  fits  and  starts. 

Tubes  Nos.  2,  3,  4,  5,  6  and  8  were  infected  by  adding  -5  c.c.  of  a  yeast  culture; 
larvae  hatched  from  dormant  eggs  in  most  of  the  tubes  within  5  minutes;  others 
followed  rapidly. 

All  the  larvae  made  rapid  progress  except  those  in  tube  No.  5;  here  moulds 
started  to  grow  rapidly.  Within  a  week  there  was  only  one  larya  hving,  and  this 
one  also  died  within  a  day  or  two. 

A  small  quantity,  usually  about  -2  or  -3  c.c.  of  the  yeast  culture,  was  added  at 
intervals  of  several  days  or  a  week;  the  point  it  was  wished  to  estabHsh  being  not 
the  speed  with  which  the  larvae  could  develop  on  a  diet  of  yeast  cells,  but  the  fact 
that  they  marked  time  during  the  intervals  and  spurted  when  the  food  was  given. 
In  spite  of  the  rather  crowded  condition  of  the  larvae  in  6  or  7  c.c.  of  fluid,  they 
remanied  healthy,  except  in  tube  No.  4  where  moulds  developed.  In  this  tube  all 
the  larvae  died.  The  result  showed  as  anticipated  the  entire  dependence  of  the 
larvae  on  the  added  yeast  culture,  their  speed  of  progress  being  conditioned  by  the 
length  of  the  periods  between  each  addition  to  the  tubes.  In  tube  No.  2,  6  adults 
were  reared,  in  tube  No.  3,  G,  and  6  individuals  in  tube  No.  6 ;  while  in  tube  No,  8 
which  contained  more  larvae  to  start  with  9  adults  were  reared. 

Experiment  XXIII. 

The  increasing  proportions  of  tubes  in  which  sterilization  broke  down  either 
from  sporing  species  of  bacteria  or  moulds,  suggested  that  the  contamination  of 
the  eggs  laid  in  the  breeding- pan  was  very  gross.  Steps  were  therefore  taken  to 
obtain  eggs  laid  under  more  cleanly  conditions  and  less  likely  to  be  heavily  infected 
with  sporing  bacteria  and  moulds  (the  method  adopted  Is  described  on  pp.  488-9). 
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Kggs  were  usetl  that  hatl  had  time  to  incubate,  but  had  not  drit-d;  tliese  were  well 
wa.shed  in  three  change.s  of  clean  tap  water,  put  on  to  clean  tilter  paper  and  then 
dried;  they  were  subsequently  sterilized  by  washing  in  weak  -5"^  lysol,  then  in  2  %, 
then  in  1  ^q,  and  then  in  sterilized  distilled  water;  9  or  U)  eggs  were  transferred 
by  Pasteur  pipette  to  the  following  tubes: 

Distilled  water,  Xos.  I  to  (i. 

DUtilled  water  with  1  c.e.  of  sterile  B.  coli  filtrate  (  -  I  in  <i),  Xos.  7  to  12. 

Beef  broth  (without  peptone  or  salt),  Nos.  13  to  18. 

Beef  broth  with  1  c.c.  of  sterile  B.  colt  filtrate  (  =  1  in  0),  Xos.  19  to  24. 

Hati'hinu 

After  5 

Remarks  after  5  days 

Tlie  single  i;ir\a  vvliich  enu-rgetl 
did  not  grow.  In  one  or  two 
other  tubes  eggs  uncapped,  but 
the  larvae  died  without  quit- 
ting the  shell. 


Sterilit}'  broke  down  after  24 
hours  in  Nos.  0,  10  and  11,  and 
the  larvae  whieh  emerged  made 
rapid  progress. 

Heavy  growtli  of  bacteria,  larvae 
already  in  fouith  instai-. 

Larva  makes  no  progress. 

Larva  makes  scarcely  any  pro- 
gress. 

Larva  makes  no  progress. 


Media 

No.  of 
tube 

after  24 
hours 

After  5 
days 

1 

0 

0 

•> 

0 

0 

Distilled  water 

3 
4 

1 
0 

1 
0 

5 

0 

0 

(> 

0 

0 

7 

0 

0 

Distilled    water    and 

8 

0 

0 

filtrate    of     B.    coli  j 

*.) 

2 

All* 

{=  D.W.    G  c.c,   F.  " 

10 

0 

All* 

1  c.c.) 

11 

3 

All* 

12 

0 

3 

13 

2 

All* 

14 

1 

1 

Beef    broth    without 
salt  or  peptone 

15 

0 

1 

1() 

0 

1 

17 

0 

0 

18 

1 

1 

ID 

0 

0 

20 

0 

2 

T>.,„f    I iU     ...:i.i-     ci 

21 

0 

1 

trate  of  />'.  coli  added- 
{=B.B.bc.c.,F.  Ic.c.) 


23 
24 


Larva  makes  slight  progress. 

Larvae  show  no  progress. 
Laf va  shows  no  progress. 
Heavy    bacterial   giowth,    larvae 

are   already   in    fourth    instar; 

remaining  eggs  failed  to  hatch. 

LarviV  shows  no  progress. 


On  the  6th  day  tube  No.  15  was  inoculated  from  No.  13 ;  all  the  eggs  had  hatched 
by  the  following  morning. 

After  the  1th  day. 

Distilled  water  and  Filtrate.  There  was  a  distinct  difference  as  regards  the  pro- 
gress of  the  larvae  in  the  infected  tubes  9,  10  and  II ;  while  the  larvae  in  9  and  11 
were  on  a  parity  as  to  size,  those  in  10  were  slightly  but  definitely  smaller.     Sub- 


*  Infected  tubes. 
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culMircs  from  these  I  iilx's  show  lh;il,  while  (lie  hiieleria  infect  in<4  !)  and  II  are  closely 
allied,  prohahly  the  same  specioH,  the  iiife(rlion  of  10  (lillerH  in  that  it  Khows  a  much 
less  vigorously  growing  species.  T\w  interesting  point  is  that,  although  th(;  differ- 
ence in   larval    progress   is  slight,  the  divergence;   betw(!(;n  the   vigour  of   bacterial 

trrowth    is  extreme. 

Af/n-  l/ic    \'M/i    (Id//. 

Distilled  wafer.  Tubes  I  to  (i.  TIk;  only  larva  which  emerged  has  made  no 
progress  cand  is  now    \ cry  feeble. 

Distilled  water  and  Filtrate.  The  larvae  in  tubes  9,  10  and  1 1  are  all  of  full  size, 
but  none  of  them  have  as  yet  pupated.  In  No.  12  three  more  eggs  have  hatched, 
none  of  the  0  larvae  have  as  yet  ]){vssed  their  first  moult. 

Beef  broth.  In  tube  Xo.  1.*}  all  the  larvae  have  been  killed  by  the  vigour  of  the 
bacterial  growth.  In  No.  14,  3  more  eggs  have  hatched.  In  No.  15  the  larvae  are 
now  either  just  approaching  or  past  the  second  moult.  This  tube  was  passed  on 
to  a  friend  and  kept  at  a  lower  temperature  than  the  others — 60°  F.  mstead  of 
75°  F.  In  No.  16  another  egg  has  hatched,  neither  of  the  two  has  made  any  pro- 
gress and  one  has  died.  In  No.  17  one  egg  has  hatched.  In  No.  18,  5  more  eggs  have 
hatched,  but  only  the  larva  which  emerged  12  days  ago  has  made  any  progress  and 
this  one  has  not  yet  moulted. 

Beef  broth  and  Filtrate.  No.  20,  one  of  the  two  larvae  is  dead ;  their  progress 
since  hatching  is  only  just  perceptible. 

No.  21,  the  larva  has  died  without  moulting. 

No.  22  (infected),  7  adults  have  been  bred,  6  (S(S  and  1  2 ;  1  living  pupa  remains. 

No.  23,  1  egg  has  hatched. 

No.  24,  the  larva  has  died  without  moulting. 

After  the  21st  day. 

Distilled  water.     1  to  6 ;  the  larva  which  emerged  in  tube  3  died  in  its  first  instar. 

Distilled  water  and  Filtrate.  In  tubes  9  and  10  the  larvae  are  marking  time  in 
their  fourth  instar.  In  No.  11,  2  oS  have  been  bred,  the  remaining  larvae,  of  full 
length,  are  marking  time.  In  No.  12  the  6  larvae  make  scarcely  perceptible  pro- 
gress. 

Beef  broth.  In  tubes  Nos.  14,  16,  17  and  18  the  larvae  are  making  very  slow  pro- 
gress; a  few  are  approaching,  and  one  or  two  have  ptissed  their  first  moult.  In 
tube  No.  15,  inoculated  from  No.  13  and  passed  on  to  a  friend,  the  larvae  made 
comparatively  slow  progress,  presumably  owing  to  the  low  teimperature  at  which  the 
tube  was  kept;  apparently  the  vigour  of  the  bacterial  growth  was  the  cause  of  their 
destruction. 

Beef  broth  and  Filtrate.  In  tube  No.  19  one  egg  uncapped,  but  the  larva  was 
either  already  dead  or  died  immediately  afterwards,  tis  it  failetl  to  get  clear  of  the 
eggshell. 

No.  20,  2  more  eggs  have  hatched.  The  sur\  i\()!-  of  the  lirst  two  larvae  is  now 
in  its  second  instar. 

No.  22  (infected),  another  adult  was  reared  (8  in  all). 

No.  23,  the  larva  from  the  only  egg  which  hatched  is  now  in  its  second  instar. 

No.  24,  another  egg  has  hatched ;    the  larva  is  now  in  its  second  instar. 
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After  28  days. 

I>istiUed  water.     No  change ;  eggs  still  dormant. 

IHstilled  water  and  Filtrate.      Xos.  9  and  10,  the  larvae  still  marking  time. 

Xo.  11,  another  adult  reared;  some  of  the  larvae  have  died,  only  1  is  now 
living. 

No.  12,  only  4  of  the  ti  larvae  are  living;  all  the  larvae  are  still  in  their  first 
ins  tar. 

Tubes  Nos.  7  and  8  were  used  in  a  demoiLstration  at  a  meeting  of  the  Entomo- 
logical Society  of  London.  To  No.  7  was  added  a  small  mass  of  yeast  cells  from 
a  wort  agar  culture  of  S.  cerevisiae  and  to  No.  8  a  small  mass  from  a  culture  of  B.  colt. 
The  eggs  in  No.  7  hatched  within  a  few  minutes,  those  in  No.  8  during  the  following 
night. 

Beef  broth.     No.  14,  I  larva  in  first  and  3  in  the  second  instar. 

No.  16,  3  larvae  in  first  and  2  in  second  instar. 

No.  17,  4  larvae  in  first  and  1  in  the  second  instar. 

No.  18,  1  larva  hiis  died;  4  are  still  in  theii-  first  and  1  is  in  its  second 
instar. 

Beef  broth  and  Filtrate.     No.  19,  no  change. 

No.  20,  another  egg  has  hatched;  3  larvae  are  in  theu-  first  and  1  in  its  third 
instar. 

No.  21,  no  change. 

No.  23,  another  egg  has  hatched ;   the  first  larva  is  still  in  its  second  instar. 

No.  24,  2  more  eggs  have  hatched ;  the  older  larva  is  now  in  its  third  instar. 

After  the  33rd  day. 

Distilled  water.     No  change. 

Distilled  water  and  Filtrate.  Nos.  7  and  8,  there  is  a  marked  difference  in  the 
growth  of  the  larvae  in  these  two  tubes.  Approximately  the  same  bulk  of  B.  coli 
was  put  into  No.  8  as  there  was  of  yeast  cells  into  No.  7.  The  larvae  in  No.  7  have 
only  reached  the  second  and  third  instars  while  those  in  No.  8  are  all  either  in  the 
third  or  fourth  instar.  This  difference  can  hardly  be  owing  to  a  minute  difference 
in  mass  of  the  bacteria  or  yeasts  which  were  added  ;  probably  it  is  due  to  the  medium 
(distilled  water  with  a  little  filtrate  of  a  broth  culture  of  B.  coli  added)  being  better 
adapted  for  the  multiplication  of  bacteria  than  the  yeasts.  The  fourth  instar  larvae 
in  tubes  9  and  10  and  the  remaining  larva  in  tube  11  are  all  marking  time,  having 
presunuibly  exhausted  all  the  nutritnent  without  fully  developing  their  fat  bodies. 
In  tube  12  all  the  larvae,  save  one,  died  in  their  first  or  second  instars;  the  survivor, 
still  in  its  first  instar,  is  only  capable  of  feeble  movement. 

Beef  broth.     No.  14,  1  larva  is  dead. 

No.  1(5,  no  noticeable  change. 

No.  17,  two  larvae  have  died,  the  survivors  are  1  in  second  and  1  in  third 
instar. 

No.  18,  no  change. 

Beef  broth  and  Filtrate.     Nos.  19  and  20,  no  change. 

No.  21,  the  larva  which  was  in  its  second  instar  is  dead. 

No.  23,  no  change. 

No.  24,  only  1  larva  in  its  first  instar  is  now  Uving. 
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After    li)  (laifs. 

Dislilhtl  ii'dlrr.     Xo  change. 

Disfillnl  iniirr  (iikI  Fillnifc.  Xo.  7,  tlicsc  larvae  are  now  in  tlicir  third  nnrl  fourth 
iiistiirs. 

No.  8,  4  adults  have  heen  reared  (within  21  (hiys);  there  still  remain  1  pupa  and 
1  fidl-«;rown  larva  in  th(>  tube. 

No.  !),  all  the  larvae  hut  one  are  dead. 

No.  U),  I  adult  luus  heen  reared;   there  arc  still  I  full  grown  larvae  in  the  tube. 

No.  12,  the  only  larva  is  dead. 

Beefhrnfh.     NO.  14,  no  change. 

No.  1(),  1  has  died;    the  3  smvivors  have  made  no  appreciable  progress. 

No.  17,  the  larva  in  its  second  instar  has  died,  but  2  more  eggs  have  hatched; 
the  remaining  larva  is  still  in  its  third  instar. 

No.  18,  2  of  the  larvae  in  first  instar  have  died. 

Beef  broth  and  filtrate.     No.  19,  no  change. 

No.  20,  1  of  the  larvae  has  died. 

Nos.  21,  23  and  24,  no  change. 

After  50  days. 

Beef  broth  and  Filtrate.  Tube  No.  19  was  inoculated  from  a  culture  of  B.  coli 
on  the  oOth  day ;   8  or  9  eggs  hatched  within  a  few  hours. 

After  60  days. 

Beef  broth  and  Filtrate.  About  -5  c.c.  of  a  broth  culture  of  B.  coli  was  added  to 
tul)e  No.  21  on  the  OOth  day.  A  number  of  dormant  eggs  hatched  within  10  to  15 
minutes. 

After  69  days. 

Distilled  water.     No  change. 

Distilled  water  and  Filtrate.     No.  7,  1  adult  reared  ;  1  died  in  pupal  stage ;  3  fourth 
instar  larvae  still  living.     A  slow  growing  surface  mould  Ls  present. 
No.  8,  2  more  adults  reared  (6  in  all). 
Nos.  9,  10  and  12,  no  change. 

Beef  broth.     No.  14,  another  larva  has  died;   the  2  survivors  appear  very  feeble. 
No.  16,  all  the  larvae  are  dead. 
No.  17,  1  of  the  3  larvae  Ls  dead. 
No.  18,  1  of  the  2  larvae  is  dead. 
Beef  broth  and  Filtrate.     No.  19,  5  adults  reared,  1  larva  died  when  full  grown. 

(Note  these  eggs  were  dormant  for  50  days  and  the  adults  were  reared  within 
20  days  of  inoculation  of  the  tube  with  B.  coli.) 
Xo.  20,  1  larva  has  died. 

No.  21,  the  larvae  which  hatched  in  this  tube  after  its  inoculation  with  B.  coli 
were  full  grown  within  7  days. 

No.  23,  the  second  instar  larva  is  dead;  another  egg  has  hatched. 
No.  24,  no  change. 


528  Ste^omyia  tasciatii 

After  78  days. 

Distilled  water.  No.  7,  a  secoiul  adult  reared;  1  larva  living,  the  othern  died  in 
fourth  iiiiitar. 

No.  9,  the  last  larva  has  died. 

No.  10,  a  second  adult  reared;  3  living  larvae  remain. 

No.  12,  no  change. 

Beef  broth.     No.  14,  botli  the  larvae  are  dead. 

No.  17,  both  the  larvae  are  dead. 

No.  18,  the  larva  is  dead. 

Beef  broth  and  Filtrate.     No.  20,  no  change. 

No.  21,  7  adults  reared  within  16  days  of  the  hatching  of  the  eggs. 

No.  23,  no  change. 

No.  24,  the  thuxl  instar  larva  is  dead;  only.  1  of  the  younger  larvae  is  Uving, 
it  is  still  in  its  first  instar. 

After  87  days. 

Distilled  water.     No  change. 

Distilled  water  and  Filtrate.     No.  7,  1  larva  marking  time;    moulds  are  growing 
out  of  the  mouths  of  the  dead  larvae. 
Nos.  10  and  12,  no  change. 
Beef  broth.     No  change. 

Beef  broth  and  Filtrate.     No.  20,  only  1  first  instar  larva  is  now  living. 
No.  21,  the  last  larva  has  died. 
Nos.  23  and  24,  no  change. 

After   100  days. 

Distilled  water.  Tubes  4,  5  and  6  were  used  for  the  following  experiment  in  con- 
junction with  Experiment  XXIV,  page  530. 

To  tube  No.  4  about  3  °{j  of  a  Uving  culture  of  B.  coli  was  added. 

„        No.  5    „     3  %  of  a  sterile  autolyzed  extract  of  brewers'  yeast. 
„        No.  0    ,,     3  %  of  a  killed  culture  (autoclaved)  of  B.  coli. 

Result :  No.  4,  1  hatched  within  2  minutes ;   2  more  within  5  minutes ;   2  more 
within  10  minutes. 
No.  5,  1  hatched  within  15 — 20  minutes. 
No.  0,  1         „  „         ,,  „ 

After  an  hour  and  a  half: 

No.  4,  8  out  of  10  eggs  hatched. 

No.  5,  1        „       9    „ 

No.  0,  1        ,,     11     „  „ 

A  small  quantity  of  living  yeast  cells  from  a  wort  agar  culture  was  then  trans- 
ferred by  platinum  loop  to  tube  No.  5  and  the  remaining  8  eggs  hatched  within 
15  minutes. 

About  3  %  of  a  living  broth  culture  of  B.  coli  was  added  to  No.  6,  and  1  egg 
hatched  within  3  minutes,  another  followed  within  5  minutes  and  4  more  within 
15  minutes  =  6  out  of  10. 


I 


n 


1^].   Vj.  Atkin  and  a.   IUcot  529 

Afirr    I  10  (l(n/s. 

Distilled  icdtrr.      Xos.  I,  2  .iiul  .'{,  no  cliango. 

No.  4,  larvae  now  in  second  inslar. 

No.  f),       ,,  ,,  third  ajiil  fouilli  instars. 

No.  (),       ,,          „  Hocond  and  lliird  instars, 

Tlie  rapid  ^rowlli  of  (lie  larvae  in  tiibo  No.  5  Hhould  bo  noticed  in  contrast  to 
what  ha|)|)ene(l  with  re<^ard  to  tubes  Nos.  7  and  8,  distilled  wat(^r  and  filtrate,  after 
infection  with  yeasts  and  bacteria  on  the  28th  day.  I'resnmably  this  difTerenco  is 
due  to  the  me<lia  in  tube  No.  7  having  been  unfavourable  for  the  yeast. 

Distilled  miter  and  Filtrate.  No.  7,  a  further  development  of  moulds;  the  larva 
is  dead. 

No.  10,  all  died  as  larvae  with  the  exception  of  one  which  reached  the  pupal 
stage. 

No.  12,  an  egg  had  hatched. 

Beef  broth.  Nos.  14,  10,  17  and  18,  all  the  larvae  iti  these  tubes  are  dead; 
possibly  some  living  eggs  remain  dormant. 

Beef  broth  and  Filtrate.  Nos.  20,  23  and  24,  all  the  larvae  are  dead;  possibly 
some  living  eggs  are  lying  dormant. 

After  134  days. 

Distilled  water.     Nos.  1  and  3,  small  white  moulds  developed  in  the  tubes. 

Nos.  4,  5  and  0,  want  of  nutriment  checked  development;  a  few  larvae  are  living 
in  their  second  and  third  instar  but  many  are  dead. 

Distilled  water  and  Filtrate.     No.  10,  another  adult  reared. 

No.  12,  another  egg  hatched;  both  the  larvae  which  hatched  after  the  87th 
day  and  this  one  which  hatched  after  the  110th  day  are  in  their  first  instar. 

BeeJ  broth.  No  larvae  are  living  in  these  tubes,  but  it  is  possible  that  there  may 
be  dormant  eggs. 

BeeJ  broth  and  Filtrate.     In  No.  23  an  egg  has  hatched  since  the  110th  day. 

After  156  days. 

Distilled  water.  Tube  No.  2  was  infected  with  B.  coli  without  result;  it  was 
concluded  that  all  the  remaining  eggs  were  dead. 

Nos.  4,  5  and  C,  1  larva  was  living  in  No.  4  and  3  in  No.  5;  all  were  dead  in 
No.  0. 

Distilled  water  and  Filtrate.     No.  12,  only  1  larva  living. 

Beef  broth.     No.  14,  tested  with  B.  coli  for  dormant  eggs ;  none  hatched. 

No.  16,  an  egg  had  hatched  since  the  134th  day. 

Nos.  17  and  18,  a  little  of  a  broth  culture  of  B.  coli  was  added;  dormant  eggs 
hatched  in  both  tubes  within  15  minutes. 

Beef  broth  and  Filtrate.  The  larva  which  hatched  out  of  a  dormant  egg  in 
No.  23  is  dead. 

An  egg  hatched  in  tube  No.  20  after  the  134th  day. 

After  203  days. 

All  the  larvae  are  dead  except  the  one  in  distilled  water  and  filtrate  No.  12;  this 
js  now  in  its  fourth  instar.     One  adult  was  reared  in  tube  No.  o,  distilled  water. 
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The  remaining  tubes  were  infected  with  a  yeast  to  see  if  any  tloriuant  eggs  survived. 
Single  eggs  hatched  in  tubes  No.  1  distilled  water  and  No.  0  broth  and  Hltrate. 
Further  quantities  of  yeast  cells  were  added  to  distilled  water  and  filtrate  tube 
No.  12  on  the  204th  day;  the  larva  pupated  on  the  20oth  day  and  an  atlult  ^  was 
reared  on  the  208th  day. 

Experiment  XXIV. 

Planned  to  test  further  the  effect  of  sterile  cultures  of  bacteria  and  extracts  of 
yeasts  on  dormant  eggs. 

Twenty-four  tubes  each  containing  8  c.c.  of  distilled  water  were  sterilized  and  a 
number  of  sterile  eggs  varying  from  20  to  50  were  introduced.  After  5  days  the 
tubes  were  examined,  autl  a  selection  made  of  those  in  whit-h  only  a  few  eggs  had 
hatched. 

The  following  were  chosen : 

I,  about  50  eggs,  6  hatched;  all  the  larvae  dead. 


No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No.  10 
No.  11 
No.  12 
No.  13 
No.  14 
Ten  tubes  were  not  used. 

The  cultures  or  extracts  used  were  as  follows : 

Autolyzed  extract  of  brewers'  yeast,  B.  coli.  Staph i/lococcu.'i  aureus,  sterilized  by 
autoclaving.  B.  coli  and  *S.  (tureus,  sterihzed  by  steaming.  B.  coli,  killed  by 
chloroform  and  a  sterile  filtrate  of  B.  coli.  This  last  was  several  weeks  old  at  the 
time  of  the  experiment. 

All  the  media  had  been  kept  for  48  hours  and  sub-cultured  to  test  for  sterility 
before  use;  -5  c.c.  =  6°o  ^"^^  added  to  each  tube  except  in  the  case  of  the  auto- 
lyzed yeast  in  which  test  -2  c.c.  =  2-5  %  was  added  to  one  tube  and  -5  c.c.  =  6  % 
to  the  other. 

Autoclaved  : 


25 
40 
30 
50 
45 
30 
30 
25 
25 
40 
20 
35 
30 


none 

2 

1 

4 

3 

3 

3 

none 

2 

2 
1 
5 
4 


all  the  larvae  dead, 
larva  dead. 

1  larva  living. 

all  the  larvae  dead. 

2  larvae  living. 

all  the  larvae  dead. 

all  the  larvae  dead. 

>»  »»  j» 

larva  dead. 

1  larva  living. 

2  larvae  living. 


No.  of  Tube 
Autolyzed  yeast  extract...  No.    1,  2-5  *^ 


B.  coli 


S.  aureus 


No. 
No. 
No. 
No. 
No. 


2,6% 
3,  6  % 
4^  6  % 

5,  6  % 

6,  6  % 


addedj  Hatching  commenced  within 

,,     j  5  minutes. 

,,     I  Hatching  commenced  within 

,,     (  5  minutes. 

No  effect  within  10  minutes. 
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Steam  lirntfd : 

H.  rnii         

S.  aurcuji  ... 

Killed  with  chloroform  : 
H.  roll        

Filtrate  of  Ji.  r^ili.    . 

After  ha  If- an- hour. 
A  utoclaved  cultures  : 

Aiitoly/od  yoaat  extract. 

B.  coli       

S,  aureus  ... 

Steani  heated : 

B.  coli        

S.  aureus  ... 

Killed  by  chloroform  : 

B.  coli       

Filtrate  of  B.  coli ... 

After  18  hours. 
A  utoclaved  : 

Autolyzed  yeast  extract. 

B.  coli 

8.  aureus  ... 

Steam  heated  : 

B.  coli       

S.  aureus  ... 

Killed  hi/  chloroform : 
B.  coli 

Filtraie  : 
B.  coli       


No.  of  Tiiljd 
..   No.    7,  ( 

No.  8,  ( 
..  No.    9,  ( 

No.  10,  ( 


%    nddod  I    Hatching  commonced  within 

A)  »« 

/o  " 


/o 


No.  11,  G% 
No.  12,6% 
No.  13,  0  <% 

No.  14,0% 


J 


r)  minutes. 
No  ciTcct  within  10  minutes. 


Hatching  commenced  within 
10  minutes. 

No  effect  within  10  minutes. 


Nos.  1  and  2,  all  or  a  high  percentage  hatched. 
NoH.  3  and  4,        „         „  „  „ 

Nos.  5  and  0,        „         „  „  ,■, 

Nos.  7  and  8,  all  or  a  high  percentage  hatched. 

No.    9,  only  one  or  two  had  hatched. 

No.  10,  all  or  a  high  percentage  had  hatched. 

Nos.  11  and  12,  a  large  number  but  certainly  not  all. 
Nos.  13  and  14,  no  effect. 


Nos.  1  and  2,  all  hatched. 
Nos.  3  and  4  „ 

Nos.  5  and  6  „ 

Nos.  7  and  8  „ 

Nos.  9  and  10 

Nos.  11  and  12 


Nos.  13  and  14,  a  good  proportion  but  by  no  means 

all  hatched. 
It  is  to  be  noted  that  considerable  numbers  of  eggs  hatched  out  during  this 
period  in  some  of  the  remaining  10  tubes  to  which  no  addition  had  been  made. 

After  11  days. 

Notes  regarding  the  progress  of  the  larvae. 

A  utoclaved : 

Autolyzetl  yeast  extract...  No.     1,  infoctod  bacterial  growth;   larvae  in  second 

and  third  instar,  2  in  fo\n*th. 
No.    2,  sterile,  larvae  still  in  first  instar;    no  pro- 
gress. 


5:5-J 


Ste^oinyia  fasciatu 


B.  coU 


S.  aureus 


Steam  heated 
B.  coli 

S.  aureus  . 


Killed  by  chloroform 
B.coli 


Filtrate  : 
B.  coli 


No.  of  Tubi- 

..   No.    3,  infected,    larvae    still    in    sjmoikI    iiistar; 
growing. 
No.    4,  sterile,  larvae  still  in  first  inatar ;    no  pro- 
gress. 
..   No.    5,  apparently  sterile,  larvae  still  in  tirst  instur ; 
no  progress. 
No.    6,  apparently  sterile,  larvae  still  in  first  instar; 
but  growing. 

m 

..  No.    7,  ?  infected!  Larvae    growing    in    first    and 

No.    8,  ?  infected  I       second  instai-s. 
,..  No.    9,  infected,   larvae   mostly   in   second    instar, 
growing. 

No.  10,  sterile,  larvae  still  in  first  instar ;  no  progress. 

...   No.  1 1,  infected,  and  a  nionld  growing,  larvae  of 
varied  growth,  first  to  third  instars. 
No.  12,  sterile,  larvae  in  first  instar;   no  progress. 


...  No.  13,  infected,  all  eggs  hatched,  larvae  in  second 
or  third  instars ;  growing. 
No.  14,  sterile,  a  nund)er  still  dormant :    larvae  in 
first  instar;  no  progress. 
Unfortunately  time  did   not    permit   of  sub-culture  tests  to  clear  up  doubtful 
points  as  to  infection  of  tubes. 

The  suggestion  conveyed  by  the  number  of  breaksdown  in  sterility  is  that  the 
eggs  were  imperfectly  sterilized. 

After  35  days. 

Nine  spare  tubes  of  distilled  water:    many  eggs  liad  hatched  in  all  these  tubes. 
In  three  of  them  some  colourless,  fuzzy  looking  growth  has  occurred,  probably  of 
fungoid  origin.     In  six  there  are  no  signs  of  any  growth ;   in  a  tube  that  was  infected 
with  B.  coli  a  few  larvae  had  reached  their  third  instar. 

Autolyzed  yeast  extract...   No.     1,  not  much  further  progress;   some  had  died. 

No.    2,  2  or  3  had  reached  the  second  instar,  the  rest 
were  dead. 
B.coli        ...         ...         ...  No.    3,  larvae  had  reached  the  second  or  third  instar ; 

many  were  dead  antl  moulds  were  growing, 
in  many  cases  from  the  mouths  of  the  dead 
larvae. 
No.    4,  larvae  in  second  or  third  instars  seemingly 
quite  healthy;  this  tube  is  now  infected. 
8.  aureus  ...         ...         ...  No.    o,  only  2  living  larrae,  1  in  first  and  1  in  fourth 

instar;    the  latter  was  full  grown;    a  sur- 
face   mould    was   growing — probable    bac- 
terial infection  also. 
No.    6,  only  1  third  instar  larva  was  living ;   a  mould 
had  almost  covered  the  surface  of  the  tube. 
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li.  roll 


S.  (luretis 


No.  of  Tube 

...    \().     7,  4  larvae  worcj  living — all  in  third  instar  (prob- 
ably inf(!c((;(l). 
No.    8,  3  larvae  wen;  living-  all  in  third  iiiHtar  (cer- 
tainly infected). 

..   No. 


n,  2  living  larva(^  in  fliiid   instar  (certainly  in- 
fe(^ted). 
Xo.  H),  all   dead    in   second    instar    (apparently   still 
sterile). 
fi.  roll.        ...         ...         ...   \o.  11,  all  dead;  at  least  2  larvae  gained  their  fourth 

instar. 
Xo.  12,  all   dead    in   second    instar    (apparently   still 
sterile). 
B.  roll        ...         ...         ...   Xo.  13,  4  larvae  living  in  third  instar;   all  the  others 

died  in  this  stage  (probably  infected). 
Filtrate      ...  ...  ...   Xo.  14,  a   number  of   living   larvae   all  still   in   first 

instar  (apparently  still  sterile). 
The  history  of  the  larvae  was  not  continued  beyond  this  point. 
As  the  effect  of  the  addition  of  dead  cultures  of  bacteria  to  the  tubes  in  this 
experiment  was  so  much  at  variance  with  previous  trials  and  it  seemed  probable 
that  the  difference  wa.*«  due  to  some  variation  in  the  eggs,  an  endeavour  was  made 
to  check  these  results  in  the  following  way: 

A  small  quantity  of  autolyzed  yeast  and  dead  B.  coli  culture  used  in  this  experi- 
ment were  therefore  added  to  some  tubes  of  distilled  water  taken  from  Experi- 
ment XXIII  in  which  eggs  had  been  lying  dormant  for  100  days.  These  tubes  were 
numbered  4,  5  and  6.  The  fluids  added  were  autolyzed  yeast  and  B.  coli  which  had 
been  autoclaved,  and  a  living  culture  of  B.  coli  as  control. 

To  tube  Xo.  4,  about  3  %  of  living  B.  coli  culture. 

,,        Xo.  5      „       3  %  of  sterile  autolyzed  yeast  (atitoclaved). 
„        Xo.  6      „       3  %  of  sterile  B.  coli  culture  (autoclaved). 

Result : 

Xo.  4,  1  egg  hatched  within  2  minutes ;  2  more  within  5  minutes ;  2  more 

within  10  minutes. 
Xo.  5,  1  egg  hatched  within  15 — 20  minutes. 
Xo.  0,  I  egg  hatched  within  15 — 20  minutes. 

After  an  hour  and  a  half. 

Xo.  4,  8  out  of  10  eggs  had  hatched. 
Xo.  5,  1      „        9 
Xo.  6,  1      „       II 
These  figures  include  the  eggs  hatched  within  the  first  20  minutes. 
A  small  f|uan(it y  of  living  yeast  colls  from  a  wort  agar  culture  wa«  then  transferred 
by  plathuuii  loop  to  tube  Xo.  .l,  the  remaining  eggs  hatched  within  15  minutes ;  all  of  8. 
About  3  %  of  a  living  culture  of  B.  coli,  in  broth,  was  added  to  tube  Xo.  6 ; 
1  egg  hatched  within  3  minutes;    another  followed  within  5  minutes   and  4  more 
within  1")  minutes  -  (>  out  of  10. 

Tlie  failure  of  4  eggs  to  hatch  was  probably  due  to  their  being  dead. 
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Experiment  XXV. 

Ym.sl  iind  ifeast  extracts. 
Eggs  sterilized  by  a  slight  variant  of  Metliocl  c  were  traiLsferred  hy  j)i|H'tte  into 
tubes  containing  0  c.c.  sterile  tlistilKd  water. 

The  niuuber  of  eggs  in  each  tube  vari«'d  between  about  25 — 50. 
On  the  16th  day  an  examination  of  tubes  showed : 
No.     1,  3  eggs  hatched.     Larvae  dead. 
No.    2,  3  „  „ 

No.    3,  5  „  „ 

*No.    4,  none  hatched. 
No.    5,  6  eggs  hatched.     Larvae  deatl. 
No.    (5,  2  „  1  larva  dead  and  1  living. 

No.    7,  3  „  1      „         „  2     „ 

*No.    8,  none  hatched. 
No.    9,  1  egg  hatched.      Larva  dead. 
No.  10,  G  eggs  hatched.     5  larvae  dead  and  1  living. 
No.  11,  10         „  9      „  „  1      „ 

No.  12,  10         „  Larvae  dead. 

*  Tht^  number  of  eggs  in  these  tube  was  smaller  than  in  the  others,  but  more  than  10. 
To  tubes  Nos.  I,  8,  3  and  7  -5  c.c.  (=  1  in  12)  of  a  sterile  watery  extract  of  yeast 
was  added. 

To  tubes  Nos.  2,  9,  5  and  10  -5  c.c.  (-  I  in  12)  of  sterile  autolyzed  yeast  extract 
was  added. 

To  tubes  Nos.  4,  0,  11,  12  a  small  mass  of  living  yeast  cells  from  a  wort  agar 
culture  was  added. 

After  10  minutes. 

Living  yeasts  (S.  ceremsiae): 

Numbers  of  eggs  had  hatched  in  tubes  6 — 12  and   11,  but  only  one  in  tube 
No.  4,  but  others  followed  almost  immediately. 
Watery  extract  of  brewers'  yeast : 

2  hatched  in  No.  3,  a  number  in  No.  1,  none  in  No.  8,  and  only  1  in  No.  7. 
Autolyzed  extract  of  brewers'  yeast : 

Numbers  hatched  in  tubes  Nos.  2,  9,  5,  and  10. 

After  45  minutes. 
Living  S.  ceremsiae : 

Numbers,  probably  most,  of  the  eggs  had  hatched  in  Nos.  0,  12,  and   11;    a 
few  in  No.  4.     The  numbers  were  too  large  for  accurate  counting,  but  one 
got  the  impression  that  a  smaller  proportion  of  eggs  have  hatched  in  No.  4 
than  in  the  other  tubes. 
Autolyzed  extract  of  brewers'  yeast: 

Hatching  was  general  in  tubes  Nos.  2,  9,  10  and  5. 
Watery  extract  of  brewers'  yeast: 

None  had  hatched  in  No.  8,  only  2  in  No.  3;    a  good  proportion,  probably 
one-thirvl,  had  hatched  in  No.  1 ;   only  3  in  No.  7  out  of  a  large  number 
(probably  quite  50  eggs). 
Tube  No.  10  was  infected  from  No.  4  to  test  the  effect  on  larval  grow^th. 
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The  liatrhin)^  is  now  licncial  in  all  tlir  lubes  to  which  living  y(!asts  or  autolyzed 
yca8t  oxtrjwt  wiu<  added. 

liivinii  ycaslxS  (»S'.  rrrrri.si(ir): 

'Vhv  larvao  in  tubes  Nos.    I,  r»,    II   and    12  were  distinctly  in  julvaiicc  of  those 

in  tidtcH  NoM.  2,  5,  !)  and  H),  to  which  aidoly/cd  yeast  extract  was  added. 
Tube  No.   10,  inocuhited  from  No.  4,  sliowed  no  advantage  to  larval  growth 
a.s  yet. 
Watery  extract  of  brewers'  yejust: 
'Vnhva  Noh.  1,  3,  7  and  8  do  not  show  consistent  results.     In  No.  1,  8  eggs  liad 
hatched — a  fair  proportion  of  the  eggs  present  (about  22  to  25).     In  No.  '.i, 
only  about   '.]  eggs  have  hatclied  out  of  some  20 — 25.     In  No.  7,   10  have 
hatched  (about  half  the  eggs).     In  No.  8,  only  3  eggs  have  hatched  out  of 
16—20. 

After  3G  hours. 

Wat<'ry  extract  of  brewers'  yeast : 

{Sterility  ha<l  broken  down  in  No.  7  ami  hatching  was  general.     In  No.  I  no 
more  eggs  had  hatched.     In  No.  3  hatching  was  general,  yet  there  is  no 
evidence  of  infection.     In  No.  8  only  3  eggs  had  hatched. 
Living  yetusts  {S.  cerevisiae): 

In  these  tubes  the  growth  of  the  larvae  is  greatest  in  those  which  contain  the 
fewest  larvae. 
Autolyzed  extract  of  brewers'  yeast: 
The  larvae  in  tube  No,  10  (infected)  show  no  advantage  as  yet  over  those  in 
Nos.  2,  5  and  9. 

After  4  days. 

Watery  extract  of  brewers'  yeast : 
Tube  No.  1,  tests  show  that  this  tube  is  still  sterile ;  many  eggs  remain  dormant. 
„     No.  7  (infected),  larval  progress  has  been  rapid. 
„     No.  8,  sterility  broke  down  shortly  after  the  previous  note ;    all  the  eggs 

have  now  hatched. 
,,     No.  3,  hatching  had  been  very  general  in  this  tube,  but  it  still  remains 
sterile. 
Autolyzed  extract  of  brewers'  yeast: 
Tube  No.    9,  a  bacterial  growth  was  in  progress  and  larval  development  was 
rapid. 
„     No.    2,  had  been  infected ;  the  larvae  were  progressing. 
„     No.    5,  remained  sterile;  larvae  showed  scarcely  any  progress. 
„     No.  10  (infected),  larvae  showed  varied  progress;   a  few  were  weU  grown 
in  third  instar,  others  were  still  small  in  first  or  second  instar. 
After  18  days. 

Watery  extract  of  brewers'  yea««t : 

Tube  No.  1  (sterile),  none  of  the  larvae  had  passed  their  first  moult. 

„     No.  3  (sterile),  none  of  the  larvae  had  passed  their  first  moult;   all  dead 

but  three. 
„     No.  8  (infected),  varied  growth  in  second,  tliird  and  fourth  instar. 
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Tube  No.  7  (infected),  larvcil  growth  had  .slowed  down;    none  had  yet  reached 
their  fourth  instar. 
Autolyzed  extract  of  brewers'  yea.st : 

Tube  No.    5  (sterile),  hirvae  were  all  still  in  first  iiLstar. 

„     No.    2  (infected),  larvae  in  various  stages  of  growth  in  second  and  thir«l 

iiLstar. 
„     No.     9,  all  killed  by  vigour  of  bacterial  growth. 
„     No.  10  (infected),  in  third  and  fourth  instar. 
Living  yeasts  {S.  ceremsiae): 

The  larvae  in  these  tubes  had  been  given  more  yeasts.  In  th«'  tubes  when*  they 
were  most  numerous  they  were  in  third  and  fourth  instar.  In  tubes  Xos.  1 1 
and  12  where  fewer  larvae  were  present  a  few  adults  hail  already  been  bred 
and  the  remainder  were  either  full  grown  larvae  or  pupae. 

After  42  days. 

Watery  extract  of  brewers'  yeast : 

Tube  No.  1  (sterile),  all  were  dead ;  none  past  second  instar. 

,,     No.  3  (sterile),  3  or  4  living  in  second  instar,  the  rest  dead  in  Hrst  instar. 
,,     No.  8  (infected),  nearly  all  dead  in  various  stages. 
,,     No.  7  (infected),  all  dead  but  one  in  its  third  instar. 
Autolyzed  extract  of  brewers'  yeast: 

Tube  No.    5  (sterile),  a  few  had  reached  their  second  instar. 
„     No.    2  (infected),  but  little,  if  any  progress  since  18th  day. 
„     No.  10  (infected),  1  adult  reared,  I  pupa,  numy  full-fed  larvae. 
Living 'yeasts  {S.  cerevisiae).     No  food  since  I8th  day: 
Tube  No.    4,  all  dead,  but  1  in  third  instar. 
„     No.    6,  all  dead,  but  1  in  third  instar. 

,,     No.  11,  2  adults  reared;  remainder  dead  in  various  stages. 
„     No.  12,  all  dead,  but  1  in  fourth  instar. 
The  history  of  the  larvae  was  not  contiiuied  beyond  this  point. 
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THE  USE  OF  1NSE(  Tl(  IDES  AGAINST  LICE. 

By  a.  BACOT, 

KNTOirOLOr.IST  TO   TIIK   LISTKU  INSTITUTK   OF    PRKVENTIVE 
MEDICINE. 


The  scheme  followed  in  the  undernoted  trials  was  to 
arranfje  the  conditions  on  as  nearly  natural  a  basis  for  the 
insects  as  was  consistent  with  their  control  and  strictly 
comparative  results,  particular  care  being  taken  that  the 
insects  should  have  the  opportunity  of  feeding  during  the 
experiments.  Most  of  the  remedies  were  those  already 
in  common  use.  The  tests  with  cytisine  were  made  at  the 
suggestion  of  Dr.  H.  H.  Dale,  who  very  kindly  supplied 
nie  with  the  preparation. 

Cytisine  is  an  alkaloid  showing  similar  physiological 
properties  to  those  of  nicotine,  but  much  less  volatile.  It 
was  for  this  reason  and  the  fact  that,  as  it  is  extracted 
from  the  seeds  of  gorse  and  laburnum,  an  abundant  supply 
of  the  raw  material  necessary  for  its  manufacture  is  easily 
obtainable,  that  Dr.  Dale  suggested  its  trial  as  a  remedy. 
(Dale  and  Laidlaw  on  the  physiological  action  of  cytisine, 
Journ.  Fhann.  Exper.  Ther.,  1912,  3,  205.) 

Preliminary  trials  carried  out  with  naphthalene  showed 
that  the  diffusion  of  vapours  over  the  body  surface  beneath 
clothing  is  restricted  to  a  very  small  area  round  the  centre 
of  distribution,  in  so  far  as  it  had  any  effect  on  lice.  Pre- 
sumably this  depends  partly  on  the  curved  surface  of  the 
body  and  partly  on  the  difference  in  temperature  between 
it  and  the  surrounding  air. 

Twenty- five  grams  of  flake  naphthalene  were  placed  in 
a  long  tube  of  fine  muslin  (nainsook)  which  was  worn  as 
a  belt  next  the  skin.  Lice  in  small  bags  of  silk  gauze 
(motor  veil  chiffon),  kept  from  collapsing  by  a  wire  gauze 
circle  (Fig.  1),  were  suspended  between  the  skin  and 
clothing  at  various  parts  of  the  body  above  and  below  this 
belt — back,  chest,  abdomen,  and  hips — the  greatest  dis- 
tance being  5  or  6  in.  from  the  belt.  One  bag  slipped  from 
its  fastenings  and  fell  to  within  an  inch  of  the  belt.  After 
a  three  hours'  trial,  it  was  found  that  the  insects  in  the 
fallen  bag  alone  were  affected,  some  of  the  lice  in  it  being 
paralysed,  though  none  were  actually  dead. 

[294  16] 


In  a  secoud  trial  5  ^laiuH  of  uaplitlialone  were  wrapped 
up  in  a  small  packet  of  motor  veil,  and  thiw  waH  put  into 
one  of  tlie  ba^^s  containing  a  nuuiber  of  lice  and  placed 
next  the  skin.  A  second  ba^,  also  st(jcked  with  lice,  was 
placed  in  close  proximity  to  the  first,  the  ed^es  of  the  two 
bags  being  separated  by  a  space  of  only  half  an  inch.  In 
the  first  bag,  in  which  the  lice  might  actually  come  in 
contact  with  the  naphthalene,  the  insects  were  killed 
within  3  hours,  but  in  the  second  bag,  although  they  were 
not  noticed  to  feed  after  the  first  2  hours,  they  wen;  found 
on  examination  to  be  still  active  afttr  6  hours  ;  many  had 
relaxed  their  hold  after  11  hours,  but  some  were  stil) 
active.  This  bag  was  removed  after  11  hours  from  its 
proximity  to  the  one  containing  the  naphthalene.  When 
examined  next  morning  most  of  the  lice  had  recovered  ; 
only  two  larvae  and  one  adult  were  dead  out  of  thirty  in 
all  stages  of  development. 

This  experiment  was  repeated — using  three  bags,  one 
on  either   side  of  that  containing  the  naphthalene.     The 


Fig.  1.— Siuall  batjs  of  silk  gauze  (motor 
veil  chiffon)  kept  from  collapsing  by  a 
wire  gauze  circle. 

quantity  used  was  again  5  grams,  and  the  surface  area  of 
the  packet  was  4  square  inclies.  After  3  hours  the  great 
majority  of  the  lice  in  the  central  bag  were  dead,  but  three 
or  four  larvae  and  nymphs  about  to  undergo  a  moult  were 
active.  No  etYect  at  all  had  been  produced  in  the  adjoining 
bags.  x\fter  9  hours  all  were  dead  in  the  central  bag,  but 
in  the  bags  on  either  side  a  few  adults  only  had  been 
affected  and  none  were  actually  dead,  though  some  were 
partially  paralysed. 

In  order  to  test  the  relative  effects  of  contact  and 
diffusion  of  a  number  of  remedies  with  greater  accuracy 
a  small  apparatus  was  designed  (Fig.  2),  consisting  of  five 
wire  gauze  frames,  each  capable  of  being  covered  by  a 
small  gauze  bag;  they  constituted  a  series  of  five  small 
cages,  each  1  in.  square  by  |  in.  deep;  they  were  fixed  to 
a  riexible  bar  with  their  edges  in  contact  and  so  arranged 
that  the  whole  could  be  tied  firmly  against  the  body,  the 
^auze  on  one  side  coming  in  contact  with  the  skin  so  that 
the  captive  lice  could  feed. 


3 

In  the  central  chamber,  lofoncd  to  as  "contact "  in  tlio 
rxpcrinionts,  was  jjlacod  a  1  in.  sciimrc  of  thick  lint  ini- 
prc^niilrd  with  the  lluid  or  Kuhstanco  it  waH  desired  to 
test.  This  lint  was  carefMlIy  wci^lied  before  and  after 
iniprof^nation,  so  that  tlu!  weii^ht  of  sidistanec  in  relati(m 
to  area  of  surface  was  accurately  determined.  Lice  were 
placed  in  all  five  chambers  their  relative  position  being 
icft-rifd  to  as  2  left,  1  left,  contact,  1  right,  and  2  right, 
roHiKJctivcly. 


Kiu.  2.— Set  of   five  wire  gauze  square  frames,   three    of    them  covered  by  small  f^auze 
bags,  one  with  cover  removed,  and  one  in  the  middle  containing  a  square  inch  of  thick  lint. 

In  one  case  three  substances  were  tested  at  once,  the 
substances  being  placed  as  follows : 


CONTBOL 


Remedt 


The  lice  in  the  control  chambers  served  to  indicate  either 
the  action  by  diffusion,  if  any,  or  the  fact  that  the  sub- 
stances tested  were  in  no  way  interfering  with  each  other's 
action  on  the  lice. 

The  tests  conducted  with  this  apparatus  were  usually  of 
8  to  12  hours'  duration,  it  being  impracticable  to  sleep  with 
it  bound  to  the  body.  When  the  apparatus  was  removed 
at  night  the  chambers  were  placed  in  separate  boxes  for  a 
complete  examination  next  day. 

Naphthalene. 
The  1  in.  square  of  lint  was  dipped  in  a  30  per  cent,  solution 
of  naphthalene  in  "benzole";  after  the  "benzole"  had  com- 
pletely evaporated  the  lint  held  0.133  of  a  gram  of  naphthalene; 
45  Mce  i)ut  into  the  "contact"  compartme'nt  were  all  killed 
within  three  hours.  A  few  were  immobile  in  chambers  1  right 
and  1  left,  but  most  of  them  were  active,  as  well  as  all  those  in 
2  right  and  2  left. 

After  10  hours : 

1  ri^'ht         ...  ...  24  immobile,  3  active. 

Heft  35  „  4      ,, 

2  right  and  2  left     ...  Many  immobile,  a  few  active. 

An  examination  next  day  showed  that  many  had  recovered. 


2 

„      14 

9 

„      12 

All  28 

All  20 

Ren  alt : 

"Contact"     ...  All  killed  (in  3  hours). 

1  right  ...  ...  ...  8  killed,  19  living. 

Heft 4       ,,       35       „ 

2  right  ...  ...  ...  1       ,,       24 

2  left  ...  ...  ...  ...  ...      All  living. 

The  lint  was  weighed  next  day  ;  the  loss  of  naphthalene  waa 
approximately  half,  0.070  gram.  It  vvaa  left  on  a  shelf  exposed 
to  the  air  at  about  G5^  F.  (Jn  the  second  ilay  crystals  were  still 
visible  in  the  fabric  with  the  aid  of  a  lens.  (Jn  the  third  none 
were  visible,  but  it  smelt  strongly.  On  the  fourth  day  it  smelt 
faintly.    On  the  sixth  no  smell  was  perceptible. 

Sulphur. 

Flowers  of  8ul|)hur  were  dissolved  in  carbon  bisul[)hide  ; 
the  solution  contained  15  per  cent,  of  sul[)hur.  The  lint,  after 
a  thorough  evaporation,  retained  0.138  gram  of  suli)hur. 

No  ert'ect  was  observed  on  any  of  the  lice  in  any  of  the 
chambers  after  12  hours.  Examination  next  morning  showed 
the  following  result : 

•'Contact"  ...  .  ...     15  dead,  20  living. 

1  right      ...  ...  ...  .         " 

1  left         

2  right     ... 
2  left 

A  loss  of  weight  (presumably  by  the  ilusting  out  in  tine 
powder)  to  the  extent  of  0.034  gram  took  place. 

The  survivors  were  kept  in  a  box  ami  fed ;  2  more  died  within 
the  next  24  hours. 

"  Creai/Uc  Acid.'' 

A  few  small  drops  were  distributed  over  the  surface  of  a  piece 
of  lint;  by  weight  the  iiuautity  was  0.240  gram.  After  3  hours 
all  were  immobile  in  the  "  contact  "  chamber,  but  activity  was 
still  seen  in  the  adjoining  ones.  After  9  hours  no  movements 
were  observed  in  1  right  or  1  left,  but  activity  was  still 
observable  in  2  right  and  2  left. 

The  cresylic  acid  spread  on  to  the  gauze  caused  a  burn  on  the 
skin,  and  no  doubt  hatl  spread  also  on  to  the  gauze  of  the 
adjoining  chambers,  1  right  and  1  left. 

Result  : 

"Contact"     ...  ...  All  dead  (24). 

1  right  „        (27). 

1  left „        (27). 

2  right            ...            ..  5  dead,  1  paralysed,  16  living. 
2  left 3     „      2  ,;  21      „ 

Two  of  the  survivors  died,  and  one  became  paralysed  within 
the  next  24  hours.  The  lint  retained  its  smell  for  6  days.  No 
smell  was  noticeable  after  8  days. 

Iodoform. 
One  gram  was  dissolved  in  10  c.cm.  of  ether,  and  the  lint  was 
immersed  in  the  solution.  After  the  evaporation  of  the  ether 
the  lint  retained  0.112  of  a  gram  of  iodoform.  After  4  hours  the 
lice  in  "  contact  "  chamber  were  immobile,  but  had  not  loosed 
their  hold  ;  they  were  active  in  the  other  chambers.  After 
9  hours  some  of  the  lice  in  1  right  and  1  left  were  immobile. 

Eesult  : 

;  3  nymphs  show  feeble  movement. 
15  living. 
20      „ 
19      „ 
..     14      „ 
All  the  living  were  very  active. 

The  lint  retained  its  smell  of  iodoform  for  several  weeks.  '' 


"Contact" 

...16  dead 

1  right 

...     2      „ 

1  left... 

...     2     „ 

2  right 

...    3      „ 

2  left... 

...    1      „ 

Vi'niiijflii.' 
0.350  K'rani  was  RmoarcMl  on  to  the  lint.     After  tliree  hours  the 
lire  wtTi' active  in  all  chambers.     vXfter  nine  lioiirH  none  were 
observed  to  be  affected. 

lirnttlt  : 

"Contact"  ...  •••  3  dead,  1  feeble,  18  active. 

1  ri«ht •••  •■•      20      ,, 

1  loft       ...  ...  ...  2  dead  ...      19 

2  rij^ht    ...  ...  ...  ••  •••      25      ,, 

2  left       ...  ...  ■••  1  dead  ...      2] 

Five  o(  the  lice  in  the  contact  cham])er  died  two  days  after 
the  experiment. t 

I'dscliiw:  Naphthalene:  Kerosene  Oil :  Benzole. 
Vaseline,  1  j^nim  10  i)or  cent,  solution  of  naphthalene  in  kero- 
sene Ic.cm.;  30  per  cent,  solution   of  naphthalene  in   benzole 
Ic.em.     The  benzole  would  certainly  have  evaporated  prior  to 
use;    0.400    f,'ram    of  this  mixture  was  rubbed   into   the   lint. 
After  3  hours:  "Contact"  all   immobile.     Some  active  in  all 
the  adjoining,'  chambers.     After  9  hours:  Those  in  "contact" 
certainly  dead ;  some  still  active  in  side  chambers. 
lit'sult : 
"Contact"    ...  ...  ...     All  dead, 

1  right  ...  ...  •■•     2  dead,  20  living. 

1  left 2      ,,      18      „ 

2rij,'ht  ...  ...  ...  ...     20      „ 

2  left...  ...  ...  ...    1  dead,  19      ,, 

Vermijclli  with  Cresylic  Acid. 
The  cresylic  acid  was  added  to  a  concentration  of  10  per  cent. ; 
0.212    gram   rubbed  into  the  lint.    After   3  hours:  All  in  the 
"contact"   were  immobile;    some  active    in    side  chambers. 
After  9  hours  :  No  change  observed. 

Result : 

"Contact"    ...  ...  ...  All  dead. 

1  ri^ht  ...  ...  ...  1  dead,  17  living. 

Heft 1      „      19      „ 

2  right  ...  ...  ...  ...     23      ,, 

2  left...  ...  ...  ...  1  dead,  23      ,, 

Cytisiiie. 
0.100  gram  dissolved  in  chloroform.  The  chloroform  was 
entirely  evaporated  before  the  test.  After  3  hours  :  "  Contact  " 
all  inmiobile  ;  movement  occurring  in  all  the  other  chambers. 
After  8  hours ;  All  have  relaxed  their  hold  in  contact ;  some  are 
immobile  in  1  right  and  1  left. 

lies II It : 

*' Contact"         ...  ...  ...  All  dead. 

1  right    ...  ...  ...  ...  3  dead,  20  living. 

Heft       2      „      18      „ 

2  right   ...  ...  ...  ...  ...    20      ,, 

2  left      ...  1  dead,  20      ,, 

•  An  insecticide  prepared  by  Messrs.  Bowley  and  Son,  Battersea,  on 
the  basis  of   Pi-ofessor  Maxwell  Lefroy's  formula,  as  stated  in  the 
api)endix  to  his  pamphlet.  Measures  for  Avoidance  and  Extermination 
of  Flies,  MosQuitos,  Lice,  and  other  Vermin: 
"  Bolton  "  oil  or  grease  {cracking    point 

above  600  )         ...  ...  ...  ...    20  grams 

(Texas)  fuel  oil  (sp.  gr.  0.86,  boiling  point 

200  C.  to  350' C.)  ...  ...  ...     50  grams  (58  c.cm.) 

Pure  soft  soap         ...  ...  ...  ...    30      ,, 

Water  (about)         ...  ...  ...  ...      6  c. cm. 

1  It  is  doubtful  to  what  extent  the  deaths  were  due  to  the  vermijelli. 
No  doubt  some  were,  Vjut  in  this  and  all  the  experiments  an  allowance 
must  bo  made  for  natural  deaths;  when  using  lice  from  a  stock  box 
some  will  be  old  and  may  die  naturally  during  the  course  of  the 
cxi>erimont. 
u 


Vennijelli  icith  I'litnuL. 

The  phenol  waa  atUled  to  a  concentration  of  10  per  cent,  and 
0.219  ^rani  rubbed  into  the  lint.  After  3  hours  :  (.'ontact,  all 
immobile;  movement  observed  in  all  the  other  chambera. 
After  9  hours  :  In  contact  all  have  relaxed  their  hold  ;  move- 
ment atill  to  be  seen  in  the  other  chambera. 


Result : 

"  Contact  " 
1  rij^ht    .. 

1  left       ... 
2ri^ht   ... 

2  left       ... 


All  dead. 

1  dead, 21 

...    21 

2  dead, 17 
1      ..     22 


ivinj». 


Iodoform,  Gytisine,  (uul  Sulplmr. 

A  further  trial  was  carried  out  between  iodoform,  cytiaine, 
and  sulphur,  all  of  which,  being  very  alow  in  dispersion,  would 
pi'eaumably  be  effective  for  a  long  period. 

The  pieces  of  lint  used  were  those  employed  in  the  previous 
tests;  having  been  freely  exposetl  to  the  air  in  a  room  since 
the  previous  trials,  that  with  sulphur  for  one  month,  with 
iodoform  for  twenty-three  days,  and  with  cytisine  for  seven 
days.  The  trials  were  all  made  at  one  time.  The  chambera 
1  right  and  1  left  were  stocked  with  lice  to  act  as  controls  in 
case  of  diffusing  effects.  The  position  in  the  chambers  was  as 
follows: 


Sulphur 


CONTROIi 


(Control 


After  3  hours — Sulphur:  lice  clustered  together,  but  apparently 
all  living.  Cytisine :  nearly  all  immobile.  Iodoform  :  a  few 
immobile — one  or  two  possibly  dead,  others  active.  After  9 
hours — No  change  to  record. 


Be  suit : 

None    of 

affected. 
Sulphur 
Cytisine 
Iodoform 


the    controls  in   intermediate  chambers   were 


1  dead,  19  active. 

2  dead,  17  paralysed,  1  a'ctive. 
...     10  dead,    3  paralyseil,  5  partially 

paralysed,  3  active. 
All  the  living  insects  were  kept  two  days  and  given  opportunity 
of  feeding. 


'The  final  result  then  was  : 

Sulphur 
Cytisine 
Iodoform 


19  living  ;  mortality  5  per  cent. 
2        „  „         90 

2        ,.  „         90 


The  action  of  both  iodoform  and  cytisine  after  so  considerable 
a  lapse  of  time  was  hopeful  and  rendered  further  tests  desirable. 

To  impregnate  the  pieces  of  lint  the  cytisine  was  dissolved  in 
chloroform  and  the  iodoform  in  ether.  The  cjuantities  used 
were  6  mg.  of  cytisine  and  5  mg.  of  iodoform  on  pieces  of  lint 
1  in.  square. 

After  5  hours — Cytisine:  all  but  one  seem  paralysed.  Iodo- 
form :  6  appear  paralysed  and  4  of  these  may  be  dead  ;  22  can 
walk,  antl  one  pair  are  copulating.  The  trial  was  then  stopped 
and  the  insects  boxed  for  examination  next  day. 


lit  suit : 
(!yti8ino  ..    6  are  dead,  the  rest  partially  or  wholly 

recovered. 
Iodoform         ...     1  in  dead,  the  rest  apparently  recovered. 

Tiro  tlai/H  lifter  the  trinl  : 
C.ytisinc    ...  ...    2  more  have  died— 8  out  ol'  28. 

Iodoform  ...  ...    7  ,,  »,        8      ,,      28. 

The  not  rcsultH  of  tlio  trials  is  to  suggest  that  the 
(hlViisiv(>  offeots  of  all  the  substances,  except  possibly 
naphthalene,  is  so  slight  as  to  reduce  thcni  all  to  a  conmiou 
l(!vel  t)f  contact  remedies.  Viewed  in  this  light  it  is  neces- 
sary to  impregnate  or  tlioioughly  dust  underclothing  with 
them  to  obtain  any  effect.  For  this  purpose  tlie  cost  of 
iodoform  and  t^ytisine  is  likely  to  prove  prohibitive,  although 
their  use  might  be  practical  for  impregnating  the  seams 
of  trousers  in  the  neighbourhood  of  the  fork.  For  'this 
purpose  the  long  period  of  their  effectiveness  would  be 
a  set-otf  against  the  high  first  cost  of  treatment.  Cytisine 
has  the  advantage  of  being  odourless  and  quicker  in  action 
than  iodoform. 

Xajjlitiialfne  used  as  a  powder  is  likely  to  be  wasted, 
and  when  made  up  into  sachets  with  sawdust,  as  suggested 
by  Noel,'  or  moulded  into  tablets,  will  probably  lose  its 
effectiveness  just  in  proportion  to  the  slowing  of  its 
evaporation.  If  used  in  a  form  in  which  garments  can 
be  impregnated  with  it,  it  is  an  almost  perfect  remedy, 
as  it  kills  quickly,  and  where  there  is  any  risk  of  infection 
is  probably  the  best  means  available.  The  chief  objection 
is  its  rapid  evaporation  ;  by  the  second  day  after  impregna- 
tion of  flannel  shirting  its  powder  has  either  greatly  waned 
or  has  already  departed,  according  to  the  original  quantity 
used.  As  Kinloch'-^  has  already  pointed  out,  nothing  is 
gained  by  the  addition  of  iodoform  to  naphthalene  as  in 
the  X.C.I,  powder. 

Insecticidal  Effect  luJien  Substances  are  Used  in  Diluted 
Condition  to  Imjxregnate  Cloth. 

Attention  was  next  directed  to  remedies  of  low  cost  and 
slow  action  \\'\t\\  a  view  to  testing  their  effectiveness  in  pre- 
venting breeding  when  used  to  impregnate  garments.  For 
this  purpose  the  system  and  apparatus  used  in  the  previous 
experiments  were  not  suitable,  because  it  was  necessary 
to  keep  adult  lice  confined  for  several  days  in  order  that 
there  might  be  ample  time  for  egg  laying  and  for  the  eggs 
to  develop.  The  following  method  was  found  to  work 
satisfactorily  in  preliminary  trials. 

Shallow  card  boxes,  1  in.  in  diameter  by  §  in.  deep,  were  lined 
at  bottom  and  sides  with  flannel  shirting  material  that  had 
been  washed  and  dried  by  ordinary  laundry  process  and  then 
dipped  in  the  solution  it  was  desired  to"  test,  and  dried  off 
rapidly.  The  open  top  of  the  boxes  was  covered  with  fine 
chiffon,  throufe'h  which  the  insects  fed.  These  boxes  were  kept 
by  day  in  a  linen  hag  suspended  beneath  the  clothing;  at  niglit 
they  were  placed  beneath  a  belt  with  the  chiffon  against  the 
skin,  the  period  available  for  feeding  being  about  seven  hours. 
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Three,  or  more  usually  four,  temales  aiul  two  males  were 
placed  in  eacli  box  ;  the\  were  removed  from  the  boxes  after  a 
Week  ;  i.ie  e^gs  laid  were  t.ieu  counted  and  their  position  noted. 
All  those  laid  eLfeicherc  than  o)itlie  treated  iiuiterml  were  removed 
antl  the  tejjt  continued  until  the  ej^^'s  hatchetl  and  the  youug 
lice  hatl  passed  the  lirst  moult  and  recommenced  to  feed. 

Control  (untreated  tlannel  used):  Idled;  121  et,'}^s  were  laid 
on  the  dannel,  none  elsewhere.  Uenult  :  Tlie  e^j^s  hatched  in 
due  course,  the  larvae  fed,  moulted,  and  recommenced  to  feed. 

Sulphur. — Flannel  di[)ped  in  colloidal  solution  of  sulpliur  : 
1  female  died  ;  117  e^gs  laid  on  tlannel,  none  elsewhere. 
liesult :  Same  as  control. 

Vennijelii. — Flannel  treated  with  a  4  per  cent,  solution  of 
vermijelli  in  water:  2  females  died,  72  ej^gs  on  tlannel,  1  on 
box,  6  on  gauze  cover.     Result :  Same  as  control. 

Vennijelii. — Flannel  treated  with  a  4  per  cent,  watery  solution 
of  vermijelli,  to  which  cresylic  acid  had  been  previously  added 
to  a  concentration  of  5  per  cent.:  1  male  died,  74  eggs' laid  on 
the  tlannel,  and  14  on  the  gauze  cover.  Result:  Same  as 
control. 

Verniijelli  and  Cresijlic  Acid. — Flannel  treated  with  a  10  per 
cent,  watery  solution  of  vermijelli,  to  which  cresylic  aciil  had 
been  previously  added  to  a  concentration  of  5  per  cent. :  2  females 
and  1  nuile  dieil,  70  eggs  laid  on  Hannel,  and  21  on  the  gauze 
cover.  Result:  Two  or  three  larvae  died,  otherwise  same  as 
control. 

Vennijelii  and  SapJitlialene. — Flannel  treated  witli  a  5  per 
cent,  watery  solution  of  vermijelli,  to  which  20  per  cent,  of 
naphthalene  had  been  added  before  making  the  solution. 
Result :  All  the  lice  killed  within  1  hour,  no  eggs  laid. 

In  these  experiments  the  tests  were  commenced  as  soon  as 
the  prepared  nannel  was  thoroughly  dry. 

The  last  remedy  is  open  to  ihe  objection  already  recorded 
ajjjainst  naphthalene,  namely,  the  short  period — about  two 
days  at  most — for  which  it  remains  effective.  The  use  of 
naphthalene  in  this  series,  employing  the  box  method, 
however,  affords  a  standard  of  comparison  with  the  j^auze 
bag  trials  of  the  earlier  series,  and  indicates  that  the 
condition  of  these  later  trials  favours  the  remedies  as 
against  the  insects.  In  making  this  comparison  it  must 
be  borne  in  mind  that  the  cjuantities  of  vermijelli  used  in 
the  later  series  wms  very  much  smaller  than  in  the  former 
when  the  undiluted  preparation  was  smeared  over  the 
lint. 

In  the  further  trials  with  the  box  method,  the  tlannel 
after  treatment  and  drying  was  generally  exposed  to  the 
air  in  a  room  with  a  temperature  of  about  65  F.  for  a 
longer  or  shorter  period  before  the  trial. 

The  following  additional  preparations  were  experimented 
with  :  An  emulsion  consisting  of  equal  parts  of  soft  soap 
and '"crude  liquid  carbolic  acid""-;  also  several  prepara- 
tions of  a  rosin  soap — crude  carbolic  acid  emulsion  allied 
to  the  Isthmian  mosquito  larvicide  used  by  the  Panama 
Canal  authorities.  This  preparation  did  not  give  a  perfect 
emulsion  and  conse(iuently  proved  unreliable  for  im- 
pregnating tlannel.  The  same  remarks  apply  to  emulsions 
of  soft  soap  and  crude  carbolic,  in  which  less  than  40  per 
cent,  of  soft  soap  was  used. 

*The  suppliers  state  that  the  fluid  supplied  consists  chiefly  of 
cresols  mixed  with  a  little  phenol,  and  a  certain  proportion  of  higher 
homologues. 
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Five  per  cent,  solution  of  an  einulsion  consistinf^  of  equal 
partH  of  soft  soap  and  "  crude  carl)olic."  Result :  4  females  and 
1  nialo  kille.l  ;  1  male  paralysed,  no  e^'^H  laid. 

I'"ivc  per  cent,  solution  of  verinijelli  to  which  20  percent,  of 
naphthalene  had  heen  added.  Result:  None  of  tlie  adults 
were  killed  and  a  nuniher  of  eg^^s  were  laid. 


The  contrast  between  the  results  of  the  first  and  second 
trials  of  the  vcrniijclli-uaphthalene  preparation  affords 
clear  evidence  of  the  rapid  evaporation  and  consequent 
deterioration  of  effectiveness  of  this  remedy  if  a  couple  of 
days  be  allowed  to  elapse  between  the  impregnation  of  the 
flannel  and  its  use.  The  smell  of  naphthalene  was  only 
faintly  discernible  when  the  test  was  made. 

\  method  was  next  instituted  to  test  not  only  the 
effectiveness  of  the  remedy  as  against  lice,  but  its  action  on 
the  skin. 

Pieces  of  flannel,  about  2  in.  by  3  in.  were  treated  and 
dried.  A  pocket  of  fine  chiffon  was  then  stitched  on  to  the 
flannel,  a  number  of  lice  inserted,  and  tlie  open  end  stitched 
down,  thus  imprisoning  the  insects  between  the  gauze 
and  flannel.  These  pieces  of  flannel  were  then  pinned  on 
to  the  irsside  of  the  shirt  in  a  suitable  situation  for  the 
insects  to  feed  through  the  chiffon,  which  was  set  against 
the  skin. 

.S'en'cs  /. — The  following  trials  were  made  with  fianriel 
treated  two  days  previously  to  test  with : 

1.  A  3  per  cent,  solution  of    an    emulsion    consisting    of 

100  parts  crude  carbolic,  20  parts  naphthalene,  70  parts 
of  soft  soap. 

2.  A  3  per  cent,   solution   of    an    emulsion    consisting    of 

100  parts  crude  carbolic  and  70  parts  of  soft  soap. 

3.  Treated  with  a  solution  of  naphthalene  in  benzole  at  the 

time  of  trial ;  the  flannel  held  0.05  gram  by  weight. 

After  20  hours  the  results  were  as  under  : 

1.  Two  dead,  16  living  ;  a  few  eggs  laid. 

2.  Nine  dead   (this  number  includes    all  the  females).   11 

living  (all  males  or  nymphs) ;  no  eggs  laid. 

3.  All  living  (20) ;  a  number  of  eggs  laid. 

No  irritation  caused  to  skin. 

Scries  II. — In  another  series  the  flannel  was  treated  one  day 
prior  to  use,  the  remedies  being  : 

4.  A  10  per  cent,  solution  of  a  kerosene  soft  soap  emulsion 

containing  naphthalene. 

5.  A  5  per  cent,   solution    of    an   emulsion    consisting    of 

100  parts  soft  soap,  100  parts  crude  carbolic,  and  20  parts 
naphthalene. 

6.  A  5    per    cent,  solution  of   an  emulsion    consisting  of 

100  parts  soft  soap  with  100  parts  crude  carbolic  acid. 

After  24  hours'  trial  the  results  were  as  under: 

4.  Seventeen  living,  4  dead  ;  a  few  eggs  laid. 

5.  Fifteen  living,  5  dead,  1  paralysed  ;  1  egg  laid. 

6.  One  living,  19  dead  ;  no  eggs  laid. 

No  irritation  was  caused  to  the  skin. 
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A  Jae^'er  tlamiel  sliiit  was  then  imi)re^iiate(l  with  a  10  per 
cent.  Holiitiou  of  an  einulbion  consititiii{^  of  e«]ual  parts  of  soft 
boap  and  criule  carbolic.  The  biiirt  took  up  1,000  c. cm.,  an<l 
after  wrin^int^  out  held  600  c.cm.  After  dryinj^,  lice  were 
imprisoned  in  pocketa  of  chiffon  stitched  on  to  the  inner  aide  of 
tlie  shirt  in  tiie  foUovvinj^  [)osition8  :  (1)  On  the  chest ;  (2)  in  tlie 
lumbar  re^'ion  of  the  back;  (3)  on  the  outer  side  of  the  upper 
arm. 

None  were  killeil  within  3  houry.  After  5  hours  a  number  in 
situations  1  and  2  were  either  dead  or  paralysed.  After  10  liours 
all  or  nearly  all  were  deail  at  1  and  2,  but  many  were  still  active 
on  the  arm.  After  18  hours  a' I  were  deail  in  situations  1  ami  2, 
while  of  tliose  at  3,  7  were  dead  and  4  paralysed.  Xo  ej^t^s  were 
laid.  The  effect  on  the  skin  was  a  slightly  disa^'reeable  irrita- 
tion at  the  armpits  and  lumbar  region.  The  lice  feil  at  the 
commencement  of  the  trial. 

The  test  was  repeated,  using  a  5  per  cent,  solution  of  the 
same  emulsion;  the  vvriui^in*^  out  process  was  rather  more 
drastic — the  garment  rotaiuint»  only  500  c.cm.  It  was 
dried  duriuj^  the  ni<,dit,  lice  being  confined  under  covers  of 
chiti'on  on  the  following  day  iu  the  same  situations  as  pre- 
viously. After  10  hours  some  were  still  living  in  positions 
1  and  2,  and  all  were  active  at  3. 

First  Ihiij. — After  24  hours  all  were  ilead  in  1  and  2,  but  a  few 
still  lived  in  3.     No  eggs  were  laid.     Pockets  1  and  2  restocked. 

Second  Ddij. — Twenty-four  hours  later  all  were  dead  in  the 
restocked  pockets,  also  the  survivors  in  3.     No  eggs  were  laid. 

Third  Daij. — The  shirt  was  worn  the  next  48  hours  without 
restocking. 

Fi>iirtlt  Day. — The  old  pockets  were  then  restocked. 

Fifth  Day. — Tweniy-four  hours  later  a  number  had  died  in 
pockets  1  and  2,  but  others  were  still  living;  in  3  a  few  were 
dead,  others  active.  The  frayed  condition  of  the  old  pockets 
1  ami  2  necessitated  their  renewal ;  they  were  renewed  and  re- 
stocked.   No.  3  was  left. 

Sixtli  Day. —After  another  24  hours  it  was  found  that  many 
of  the  lice  were  still  living  in  1  and  2 ;  those  in  3  were  now 
all  dead — a  few  eggs  having  been  laid.  No.  3  was  not  restocked. 
Pockets  1  and  2  were  left,  and  a  new  one  (No.  4)  was  placed  on 
the  upper  part  of  chest  and  stocked. 

SeriiitJt  Day. — After  a  further  24  hours  nearly  all  the  sur- 
vivors in  No.  1  were  dead.  No  eggs  laid  ;  in  No.  2  some  were 
still  active.     In  No.  4  all  were  active. 

FiiiJith  Day. — In  No.  1  :  9  were  dead,  4  living  ;  36  eggs  had 
been  laid.  In  No.  4  :  4  were  dead,  16  living  ;  40  eggs  had  been 
laid. 

The  garment  still  smelt  of  carbolic,  perhaps  sufhciently  to 
have  some  deterrent  effect,  but  the  lethal  effect  had  evidently 
passed  away. 

No  unpleasant  skin  irritation  was  noticed  ;  a  slight  tingling 
that  could  just  be  discerned  was  experienced  on  two  occasions 
after  the  start. 

It  may  be  concluded  that  the  practical  effect  ot  the 
iuipreguatioD  lasts  about  six  or  seven  days,  while  the 
smell  would  possibly  act  as  a  deterrent  for  a  few  days 
longer. 

Another  shirt  was  impregnated  with  a  3  per  cent,  solu- 
tion ;  after  wringing,  it  was  found  to  hold  500  c.cm.  It 
was  dried  during  the  night  and  lice  were  placed  in  a 
pocket  on  the  chest  next  day.  After  forty-eight  hours, 
although  one  or  two  were  dead,  the  great  majority  were 
still  active. 


Cijfisinc. 

l^'nrtlior  oxporinionts  with  cyfciHinc  wore  inado  witli  the 
kind  iissisljinct!  of  my  friend  Dr.  A.  J.  EwiiiH,  to  ascertain 
tli(>  niiiiiiinim  (luantity  that  would  be  of  practical  service 
for  iiiii)r(>^iiatin«;  ^ariiientH,  and  the  period  (liirin<^  whicli 
this  preparation  retains  its  eflicacy. 

'I'he  method  employed  was  to  impregnate  pieces  of 
llannel  shirting',  similar  to  that  used  for  army  shirts,  with 
weak  solutions.  After  thorou<^hly  drying,  a  piece  of  tine 
silk  ^auze  was  stitched  on,  formin<^  a  pocket,  under  which 
the  lice  were  placed.  The  piece  of  flannel  was  then 
pinned  on  the  inside  of  the  shirt,  so  that  the  insects  were 
able  to  feed  throuL'h  the  silk  gauze. 

Using  1  mg.  per  square  inch  of  surface,  7  out  of  16  lice  were 
killed  in  two  (lays,  but  none  of  the  survivors  died  within  the 
uext  three  days. 

Using  5  mg.  per  square  inch,  11  out  of  12  were  killed  within 
the  first  24  hours,  one  young  larva  remaining  active.  The 
pocket  was  then  restocked,  and  10  out  of  15  were  killed  within 
two  days.  A  further  restock  resulted  in  6  out  of  14  dying  in  the 
next  two  days.  A  number  of  eggs  were  laid  by  the  survivors. 
The  piece  of  tlannel  was  then  completely  extracted  with 
chloroform,  with  the  result  that  only  traces  of  cytisine  were 
recovered. 

Using  10  mg.  per  square  inch  : 

1st  stock  :  19  lice  were  all  killed  within  24  hours. 

2nd  stock  :  15  lice — 9  were  killed  and  3  paralysed  within 

24  hours  ;  3  remained  active. 
3rd  stock :  Of  15  lice,  10  were  killed  and  1  paralysed  within 

24  hours  ;  3  remained  active. 
4th  stock  :  Of  14  lice,  10  were  killed  and  4  remained  active 

after  24  hours. 
5th  stock :  Of  12  lice,  3  were  killed  and  9  remained  active 

after  24  hours. 
6th  stock  :  Of  12  lice,  9  were  killed  and  3  were  paralysed 

within  24  hours. 
7th  stock :  Of  10  lice,  8  were  killed   and  3  remained  active 

after  28  hours. 
8th  stock :  Of  10  lice,  all  were  active  after  24  hours,  but 

within  the  next  26  hours  all  were  killed. 
9th  stock  :  Of  9  lice,  all  were  active  after  24  hours  ;  6  were 

active  after  48  hours  ;  5  after  72  hours ;  4  after  96  hours; 

5  dying  during  the  course  of  the  test. 

The  apparent  falling  off  in  lethal  power  at  the  period  of  the 
6th  stock  was  probably  due  to  the  fact  that  a  cool  day  checked 
sweating. 

Although  quite  satisfactory  from  an  experimental  point 
of  view,  there  are  two  apparently  insurmountable  diffi- 
culties whicli  prevent  the  use  of  cytisine  as  a  practical 
remedy.  First,  its  possible  toxic  effect  if  used  to  im- 
pregnate garments.  At  a  concentration  whicli,  after 
drying,  would  leave  10  mg.  per  square  inch,  the  quantity 
required  to  treat  a  shirt  would  amount  to  some  12  to 
15  grams;  while,  if  the  absorption  over  a  large  area  of 
skin  proved  to  be  cumulative,  the  presence  of  such  a 
quantity  might  lead  to  serious  or  even  fatal  poisoning. 
Secondly,  the  high  cost  of  production  would  tend  to  make 
it  an  extravagantly  expensive  remedy. 
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Those  latter  triala  Huggest  that  a  practical  remedy  may 
be  t'oLiml  for  preventing  the  Hpread  of  lice  amou^  troops 
by  the  use  of  a  "  crude  liquid  carbolic  acid  "  and  soft  aoap 
emulsion  for  the  impregnation  of  nhirts  and  underclothiuv;. 
The  emulsion  should  consist  of  45  per  cent,  to  50  per  cent, 
of  soft  soap,  combined  by  heatin»4  with  50  per  cent,  to 
55  per  cent,  of  the  crude  carbolic.  The  strength  of  the 
solution  used  to  impregnate  the  garments  should  be  5  per 
cent,  of  the  emulsion  in  warm  water,  3  per  cent,  being  too 
weak  for  practical  use  ;  while  solutions  above  5  per  cent, 
might  cause  irritation  to  the  skin.  After  dipping,  the 
garments  should  be  wrung  and  thoroughly  dried  before 
wearing.  A  normal  sized  tianuel  shirt  after  wringing  will 
retain  about  500  to  600  c.cm.  of  the  solution,  and  the  cost 
would  probably,  apart  from  labour,  be  about  one  Halfpenny 
per  shirt. 

What  is  now  required  is  a  test  on  a  practical  scale  to 
ascertain  (a)  what  percentage  of  men  are  likely  to  have 
irritable  skins  which  might  be  susceptible  to  the  small 
percentage  of  cresols  in  tlie  shirt,  and  [b)  to  ascertain  the 
efficacy  of  the  remedy  to  keep  men  free  from  lice  in  the 
field. 

I  desire  to  record  my  thanks  to  my  colleague,  Dr. 
Harriette  Chick,  for  valuable  suggestions  and  advice. 
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THE 

IMPROVEMENT   OF    FLY^SPRAYING    FLUIDS 

AND     THE 

CONTROL  OF   EXPERIMENTAL  TRIALS. 


In  the  course  of  a  uumber  of  experimental  trials  of 
different  fly-spraying  fluids  1  found,  as  is,  I  believe, 
the  general  experience,  that  when  these  fluids  are  used 
in  accordance  with  the  directions  they  knock  down  or 
stupefy  but  do  not  kill  all  the  flies ;  a  varying  percentage 
recover  after  an  hour  or  two.  This  is  especially  notice- 
able when  the  temperature  is  at  or  above  72°  F.  In  some 
cases,  where  the  spray  seemed  fairly  effective  at  room 
temperature  (60-65°),  it  was  only  necessary  to  transfer  the 
stupefied  flies  to  a  warm  room  (at  75°  F.)  when  they  at 
once  began  to  recover  and  speedily  regained  their  full 
activity.  A  number  of  parallel  experiments  proved  that 
the  use  of  an  emulsion  of  kerosene  oil  and  soft  soap,  diluted 
about  1  in  10,  killed  the  flies  within  a  period  of  twelve  to 
eighteen  hours,  although  it  did  not  stupefy  them  speedily, 
as  do  most  of  the  proprietary  sprays.  I  therefore  tried  an 
admixture  of  the  quick  action  sprays  with  the  oil  emulsion 
fluid,  and  found  that  the  combination  gave  excellent 
results,  quickly  stupefying  the  flies  on  the  one  hand  and 
preventing  their  recovery  on  the  other.  The  oil  emulsion 
used  consisted  of  3  parts  of  soft  soap,  completely  melted 
by  heat  in  15  parts  of  water,  a  proportion  up  to  100  parts 
of  kerosene  or  other  light  burning  oil  is  then  added  very 
gradually  with  thorough  agitation  by  stirring  or  shaking 
in  a  closed  vessel  between  each  addition.  The  resultant 
emulsion  can  be  kept  indefinitely,  and  may  be  diluted  with 
water  to  any  extent.  For  addition  to  the  fly  spray  allow- 
ance must  be  made  for  the  extent  to  which  they  are 
diluted  for  use — the  quantity  of  oil  emulsion  required  being 
1  in  10  to  the  water  content  of  the  fluid. 
[:i^>  1.; 


The  t'ollowiug  expeiimeutH  with  a  (jiiick  attion  npiay 
with  and  without  the  oil  einulsiou  will  nerve  to  illustrate 
tlie  value  of  the  addition. 

I'-.tpt'lllHl'Ilt     I. 

Two  wire  traps  containing  large  numhers  ot  tlies,  cau;»lit 
witliin  the  previous  two  hours,  were  used. 

(Jiijie  J.— The  (piick  action  fluid  was  diluted  1  in  30  (by  tlie 
directions  1  in  40  should  have  been  sulticieut)  ;  this  was  used  to 
spray  the  Hies  in  cage  A  tor  two  minutes. 

Ciuie  li. — To  20  c. cm.  ot  this  mixture  2  c.cm.  of  the  oil  eniul 
sion  was  added,   and  the  tlies  in  cage  B  were  spraxed  with  the 
mixture  for  two  minutes. 

The  tlies  in  both  cages  were  all  incapable  of  flight  or  active 
movement  within  tifteen  minutes,  the  temperature  being  65'  F. 
Both  cages  were  placed  in  a  warm  room  at  75   F. 

After  three  hours,  at  least  half  of  the  flies  in  cage  A  were 
actively  tlyiug  or  walking,  while  in  cage  B  only  live  or  six  were 
active. 

After  seven  hours  :  hi  cage  A  32  were  dead  and  328  active 
(mortality,  9  per  cent.).  In  cage  B  290  were  dead  and  52  were 
active  (mortality,  84  per  cent.). 

Kx  pel  I  III  I' tit  :'. 

The  tlies  were  sprayed  for  two  and  a  half  minutes  ;  almost  all 
the  tlies  in  both  cages  were  down  within  tifteen  minutes.  The 
cages  were  then  put  into  a  warm  room  at  75  F.  After  two 
hours  a  large  number  hail  recovered  in  the  A  cage,  but  only 
5  ill  li.     Both  cages  were  left  for  the  night  in  the  warm.  room. 

On  the  following  ila>  a  count  showed:  (age  A,  196  dead, 
193  living,  mostly  active  (mortality.  50  per  cent.).  Cage  B, 
247  deatl,  19  living,  but  only  5  active  (mortality,  91  per  ceiit.t. 

As  an  instance  showing  the  susceptibility  of  Hies  to 
drought  and  the  care  necessary  in  the  controlling  of 
experimental  trials  the  following  may  be  quoted : 

E.vpi'riiiu'ut  o. 

Flies  [Milled  doiiiestica)  were  cai)tured  in  two  wire  cages 
between  1  p.m.  ami  2.30  p.m.  in  the  same  room,  the  cages  being 
placed  about  12  in.  apart.  The  tlies  in  cage  A  were  kept  without 
fooil  or  water  in  a  room  temperature  al)Out  65  F.  until  5  p.m. 
^two  and  a  half  hours).  In  cage  B  they  were  kept  in  the  same 
room,  but  a  plug  of  cotton-wool  soaked  in  weak  s>  rup  was 
placed  in  the  cage.  At  5  p.m.  this  was  removed,  and  both  cages 
were  placed  in  a  warm  room  at  75    F.  for  seventeen  hours. 

In  cage  A  20  out  of  63  were  dead  (mortality,  31  per  cent.).  In 
cage  B  6  out  of  81  were  dead  (mortality,  7  per  cent.). 

A.  BACOT, 

Medical  Kntoiuolofjist,  Lister  Institute. 
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I.     INTRODUCTION. 

The  work  wilh  which  this  Report  dcils  was  carried  out  at 
l''ri'etowii.  Sierra  Leoiic,  hetweeti  the  months  of  August,  1914, 
and  .\uL;ust,  1915.  A  few  experiments,  for  which  there  were  no 
suitable  facih'tics  at  h'reetown,  were  i)errormed  at  the  Lister  Insti- 
tute of  rreventivc  Medicine  (Uuini^  October,  191 5,  with  material 
resultini;   iVom  cl^i^'s  brouij^ht  liomc  from   West  Africa. 

The  ()rii;inal  scheme  of  work  in  connection  with  the  incidence 
o{'  ^'ellow  Fever  in  West  Africa  had  to  be  lari^ely  modified  owini^^ 
to  the  outbreak  of  War.  In  the  absence  of  clinical  and  pathological 
workers  to  co-operate  witli,  the  greater  [)art  of  the  energies  of  the 
entomological  section  \\ere  devoted  to  tlie  elucidation  of  questions 
concerning  the  bionomics  of  Stegoinyia  fasciata^  the  main  endeavour 
being  to  supplement  and  substantiate  the  already  very  consider- 
able knowledge  of  the  life  history  of  this  species,  which  we  owe 
to  Finlay,  Goeldi,  Reed  and  Carrol,  Boyce,  New\stead,  Dupree  and 
the  members  of  the  French  Committee,  as  well  as  numerous  other 
workers. 

Time  did  not  permit  of  the  investigation  of  problems  con- 
nected with  the  possibiHty  of  a  seasonal  variability.  For  instance, 
the  tendencN'  of  eggs  sometimes  to  hatch  immediately  the}^  are 
placed  in  water,  and  at  others  to  defer  hatching  for  an  indefinite 
period  ;  or,  again,  the  question  of  the  period  for  which  different 
batches  of  eggs  remain  viable,  may  be  associated  with  the  season 
of  the  }'ear  in  which  the  parents  producing  the  eggs  are  reared,  but 
to  clear  up  these  and  similar  points  would  necessitate  the  continuance 
of  the  research  over  several  seasons. 

Charts  of  the  temperature  and  humidity  records  in  the  various 
places  where  experimental  work  was  carried  out  will  be  found  in  the 
section  dealing  with  the  length  of  the  adult  life  (pages  64  and  92-101). 
Owing  to  delays  in  despatch  and  transit  the  thermometers  were  not 
available  during  the  earlier  months  of  the  research.  In  order  to  give 
some  idea  of  the  conditions  during  the  months  of  August,  September, 
October  and  November,  a  summary  of  the  general  meteorological 
observations  in  F'reetown  for  the  year  1914  is  included.  The 
temperature  of  the  water  used  for  egg  hatching  and  larvae  breeding 
would  be,  imless  stated  to  the  contrar)-,  about  80  F. 
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It  is  with  much  [)leiisurc  that  I  avail  myself  of  this  (>[j|K)rtuiiity 
of  expressing"  m)'  thanks  to  the  members  of  the  West  African 
Medical  Staff  for  their  kindness  in  endeavouring  to  make  my^  tour 
as  pleasant  and  effective  as  possible  ;  to  l)r.  W .  Allan  and  \)v.  J.  S. 
Pearson  and  other  friends,  for  placing"  at  ni)'  disposal  collections  (jf 
mosquito,  larvii;  taken  in  I'^rcetow  n,  hwlI  especiall)-  to  Dr.  G.  G. 
Butler,  who,  in  spite  of  the  exceptional  pressure  of  official  work, 
brought  me  many  collections  csf  larva'  that  he  had  made  in  the 
district   surrounding"  Hill   Station. 

From  the  material  collected  and  bred  at  l"'reeto\\n  sets  ot 
specimens  of  the  [)revalent  species  of  moscpiitoes  were  forwarded 
to  the  Liverpool  and  London  Schools  of  Tropical  Medicine,  and  to 
Mr.  F.  W.  Fdwards,  of  the  Ikitish  IMuseum  of  Natural  Ilistor)- 
a  small  collection  of  specimens  which  it  seemed  possible  might  be 
of  ser\  ice  to  the  National  Collection.  Amongst  this  latter  material 
was  a  new  species  of  liretniopodites,  of  which  Mr.  Fdwards 
is  publishing  a  descri[:)tion  in  the  "  Bulletin  of  lMiton"i(^logical 
Research,"  Vol.   VL,    Part  4,   page   362. 

I  take  this  opportunity  of  acknowledging  m\'  indebtedness  to 
Mr.  Fdwards'  (191 2)  "  Ke\'s  of  the  African  Ciilicidcc  other  than 
A)iopJicles','  which  I  U)und  (^{  great  assistance,  and  m\'  thanks  are 
due  to  their  author  for  his  kindness  in  checking"  and  confirming 
m\'   determinations. 

My  thanks  and  acknowledgments  are  also  due  to  Messrs. 
Bruce  V .  Cummings,  \V.  L.  Distant,  Stanley  Hirst,  G.  Meade  Waldo, 
D.  J.  Scourfield  and  H.  M.  Woodcock,  for  assistance  in  identifying 
species  dealt   with  in  this  Report. 


II.— INTRODUCTORY  NOTES  ON  THE  DISTRIBUTION  OF 
MOSQUITOES  IN  FREETOWN  (SIERRA  LEONE)  AND  ITS 
VICINITY. 

Mosciuitocs  arc  so  dw  from  beinf^  the  c)mni[)rcscnt  nuisance  in 
l^'rcetown  that  one  is  led  to  expect  in  the  Tropics  generally,  and  on  the 
West  Coast  o(  Africa  in  particular,  that  there  is  a  danger  of  being 
lured  into  a  false  sense  of  security  leading  to  the  lapse  of  all 
precautions. 

Their  apparent  absence  and  actual  rarity  are  partly  due  to  the 
natural  advantages  conferred  by  the  porous  nature  and  contour  of  the 
soil,  and  largely  to  the  efficiency  and  activity  of  the  Sanitary 
Department  in  the  inspection  of  compounds  and  the  destruction  of 
larv.x.  The  evidence  afforded  by  a  mosquito  hunt  beginning  in  the 
central  area  of  the  town  and  extending  beyond  its  bounds  is  eloquent 
in  its  testimony  of  what  has  been  accomplished. 

In  the  outlying  areas  of  the  town  and  the  adjacent  villages  much 
remains  to  be  done,  especially  in  the  matter  of  the  efficient  drainage 
of  surface  water. 

General  observation  and  search  for  adults  lead  to  the  conclusion 
that  Culiciomyia  nchulosa  is  the  dominant  species  within  the  central 
area,  but  if  the  larval  stages  be  included  in  the  search,  and  the  larval 
collections  made  by  the  Sanitary  Department  are  taken  into  con- 
sideration, it  soon  becomes  obvious  that  an  adult  census  is  but  a  poor 
guide  to  the  actual  facts. 

As  regards  breeding  and  general  distribution  the  species  of 
Stcgoniyia,  especial  1}^  fasciata^  easily  lead.  Any  relaxation  of  the 
Sanitary  Administration  in  the  matter  of  mosquito  work  w^ould 
inevitabl)'  be  accompanied  by  a  rapid  increase  in  the  adult  Stegomyia 
population. 

It  is  even  now  an  open  question  if  adults  of  C.  nebjilosa  are  realh' 
more  numerous  than  those  of  S.  fasciata.  While  the  former  is  com- 
paratively casual  in  its  selection  of  resting  places — any  damp  or  shaded 
wall  in  an  outbuilding  will  do,  and  its  breeding  habits  tend  to  produce 
sudden  and  very  noticeable  outbursts  of  adults — vS.  fasciata  is  ex- 
ceedingly careful  and  able  in  hiding  away,  while  it  begets  larvae  with  a 
steady  persistency  in  any  available  breeding  place  without  a  sign  of 
an  adult  being  seen. 
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The  Anopheles  species,  Pyretophorns costalis  axmX  Myzo))iyia/nni'stHs^ 
are  much  more  restricted  in  chstribution  and  breechn^^  grounds, 
although  the  places  affected  by  the  last-named  are  of  large  extent 
where  they  ^o  occur.  Larvie  of  P.  costalis,  though  common  and 
generally  distributed  in  rock  and  gutter  pools,  are  few  in  number 
compared  with  the  swarms  of  5.  su^ens  larvae  which  are  i)resent  in 
these  situations  in  the  outlying  districts  of  the  town  {^sec  Plates  8,  lO 
and  II,  PI).  12  and  13).  They  also  occur  not  infrequently  within  its 
central  area,  and  are  sometimes  met  with  in  tins  and  even  in  water- 
holes  in  trees.  J/,  fufiestiis  is  restricted  in  its  breeding  [)laces  and 
is  only  occasionally  present  in  isolated  rock  pools,  its  regular 
habitat  being  the  shallow  hartl-bottomed  swamps  which  occur  on 
the  laterite  flats  at  the  foot  of  the  hills,  both  to  the  east  and  west 
of  Freetown  {see  Plates  13,  14  and  15,  pi).  14  and  16).  During 
the  rains  the  surface  water  flows  slowly  out  from  the  foot 
of  the  hills  across  these  flats,  covering  wide  areas  with  water 
trickling  through  the  roots  of  the  grass  and  forming  shallow  pools 
at  frequent  intervals.  The  pools  are  often  tenanted  b\'  tadpoles,  the 
mosquito  larva:  being  chiefly  found  among  the  roots  of  the  grasses — 
the  frogs  or  toads  with  which  these  swamps  abound  being  no  doubt 
responsible  for  the  absence  of  mosquito  larv;e  in  the  open  pools. 
The  surface  water  cut  between  Alligator  River  and  Congo  River 
to  the  south  of  the  railway  has  benefited  the  western  end  of  the 
town  by  drying  a  considerable  area  of  the  flats  and  thus  restricting 
the  possible  breeding  grounds  of  M.  funestiis.  On  the  east,  however, 
above  Fourah  Bay  and  along  the  rail  to  Kissy  large  tracts  of  these 
flats  are  still  in  their  natural  condition. 

Holes  in  trees,  a  favourite  breeding  situation  with  several  species 
of  Stegojfiyia  and  Ochlerotatiis,  have  received  special  attention  in  the 
past,  so  that  it  requires  careful  search  to  find  any  within  the  central 
area  ^^i  the  town  {see  Plates  i  and  2,  page  6).  Small  rock  pools  are 
however,  only  too  plentiful  in  its  outer  areas,  and  these,  together 
with  old  and  irregularly  graded  road  side  drains,  constitute  possible 
breeding  places,  which  must  be  a  constant  source  of  anxiety  to 
the  sanitary  authorities,  pending  the  extension  of  the  admirably 
designed  newer  drainage  system  to  the  outer  districts  of  the 
town  {see  Plates  4,  5  and  8,  pp.  8,  9  and  12).  Tins,  jars, 
bottles,  tubs,  etc.,  would  still  seem  to  be  the  chief  strongholds 
of  S.fasciata;  fortunately,  as  indicated  above,  the  vigilance  of  the 
compound  inspections  prevents  more  than  a  tithe  of  the  larva: 
reaching  maturity. 
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P/df/fs. — The  axils  and  central  whorl  of  leaves  of  a  number  of 
plants  proxide  breeding  accommodation  for  a  certain  number  of 
s|)ecies  duriiiL;  the  rains.  Of  these,  Urauotieiiia  oriiatus  and  a  new 
species  of  lirettiiopodites*  seem  to  be  restricted  to  the  water  in  these 
pl.mt  reserx oirs.  Stcgoniyia  siifipsoni\  thou<^"h  most  commonly  reared 
from  eollections  of  larva>  taken  from  plants,  certainly  breeds  in  rr)ot 
holes  also,  while  a  few  ubiquitous  species,  such  as  Slrooifiyia 
fdSiidtd  and    Cjilicioniyia  uebulosa^  are  occasional   tenants. 

The  breedini^  of  mosquitoes  in  plants  opens  up  a  difficult 
problem,  as  two  of  the  plants,  the  banana  and  cocoa  yam,  are 
valuable  sources  of  food  supply,  while  another,  the  "Cock  Hat" 
tree,  a  species  of  Draccena^  is  a  serviceable  and  largely  used  hedging 
plant.  There  are  two  species  of  this  plant  grown  in  Freetown 
and  its  \icinity,  onh'  one  of  which  accumulates  water  in  the  central 
w  liorl  and  axils  of  its  leaves  ;  both  species  are  used  for  hedging, 
but  the  water  holder  much  more  frequently  than  the  other.  Possibly 
there  may  be  some  advantage,  such  as  speed  of  growth,  but  unless 
this  is  weighty  it  would  be  well  to  discourage  its  use  (see  Plates  i6 
and  17,  page  17). 

The  feeding  tendencies  of  the  specimens  reared  from  larvce  taken 
in  these  plants  were  tested  in  regard  to  their  willingness  to  suck 
human  blood.  The  abilities  in  this  direction  of  S.  fasciata  or 
G.  iielmlosa  (occasionally  present)  need  no  comment.  5.  siinpsoni 
was  found  to  be  as  insatiable  as  fasciata.  Eretniopociites  would 
feed  lustily,  but  only  at  long  and  irregular  intervals.  Uranotccnia 
oniaius,  bred  only  from  these  situations,  invariably  refused  to  bite  or 
feed  at  all,  although  offered  both  honey  and  syrup. 


*  Descrihol  by  Mr.  F.  \V.  Kdwards  in  the  "Bull,  of  Entom.  Research"  under  the  name 
dra(\cnic. 


MOSOlMTo     IIKKKDINC     Pool.S. 


riuti  A'i>.  1. 

Roots  of  a  Cottonwood  tree.      Tower   Hill. 


Plate  No.  1. 
Waterhole    in    the  roots    of  the    same    tree.      Larvie    of   Stcgomyia  fasciafa,    S. 
s/////>so///\  S.  lutcoct'PJiala^  OcJi!crotatiis  minutus,  O.  apicoiDUiulatus.,  Citlicio))iyia 
nebiilosa  and  Anopheles  cost  alls  were  taken  from  this  pool. 


i.isr    OK    Mosijurroi'.s    idi^ntikikd    kro.nf    various 

LOCAl.rril'S,     MOSTLY    I'.RICI)     KROM     LARV/K 

Central  Arka  of  Town. 

Tower  Ilili. 

Larviv  from  water  holes   in  cottonwood  tree  {see  Plates   Nos.  i,  2  and   3, 
pjx  6  and  8)  : — 

Atiopheles  {Pyretophorus)  costaiis,  Lw.  ...  ...  two  S[)ecimens. 

Sfegofnyia  fasciaia,  F ...  ...  in  numbers. 

„         sinipsofii,  Theo.  ...  ...  ...  in  numbers. 

„         luteocepJiala,  Newst.     ...  ...  ...  in  numbers. 

Ochlerotatus  apicoannulatus^  VAw .  ...  ...  in  numbers. 

,,  W/V//////J',  Theo.       ...  ...  ...  a  few. 

Culiciomyia  nebiilosa^  Theo.         ...  ...  ...  a  few. 

Culex  d€cens^T\\QO.  ...  ...  ...  ...  in    numbers    during 

November. 

I.arvai  from  rock  pools  {see  Plates  Nos.  4,  5  and  6,  pp.  8  and  9) :  — 

Stegomyia  sugefts,  Wied    ...  ...  ...  ...   swarms. 

„  fasdata,  F.       ...  ...  ...  ...   several. 

„  luteocephala^  Newst.     ...  ...  ...   one  specimen. 

Compoiuid  at  Colonial  Hospital. 

Larvaj  in  old  tins  and  broken  bottles  :  — 

Stegc7?iyia  fasciata,  F.       ...  ...  ...  ...   numbers. 

Culicioinyia  jtebulosa,  Theo.         ...  ...  ...   numbers. 

Yard,  26,  lVestmorela7id  Street. 

Larviu  in  tins,  bowls,  etc.  : — 

Stegofnyia  fasciata,  F.       ...  ...  ...  ...   numbers. 

Culiciomyia  tiebulosa,  Theo.         ...  ...  ...    two  or  three  broods. 

Eretmopodites  (juinquevittatus,  'Vhttj.      ...  ...   several. 

Gloucester  Road. 
.Surface  water  drain  : — 

yluopheles  {J\retophorus)  cost  alls,  Lw.     ...  ...    one  specimen. 

Circular  Road. 
Surface  water  drain  : — 

Anopheles  {Pyretophorus)  costalis,  Lw.     ...  ...    one  specimen. 


MOSQUITO     HREEDINr,     POOLS 


^"-^^^^'ll^fc^^;;  JPI 

llic   rooi   hull-   in    Coltonw  ot)cl   lifc   tilled   with   i  ciiiciU. 


Plate  Xo.  4. 
Ktxk    Pool   which  coiUiiinccl   hu\  a-  of  S/ei^-cVfifiu  sui^ew/s. 
'Ihe  while  streak  is  a  foot  rule. 


Tower   Hill. 


Mosor I  TO    i'>KKi:i)iN(;    rooi.s. 


Plate  No.  5. 

Rock    Pool    which     contained     larvae    of    Stegoinyia    sHi^e??Sy     S.  fasciatc^     and 
S.   liiteocep/iala.     Tower  Hill. 


Plate  No.  6. 
The  same  pool  filled  with  cenienl. 


lU 


Collections  of  Lakv/i:  RtctivKU  from  various  Houses  and  ("omi-ounus 

IN    THE    CENTRAL    AREA    OK    THE    TOVVN,    INCLUDING    THE    ReST    HoUSE    AND 

NuRsiNd  Home. 


Stegomyia  fasciata^  F. 
Cu/ex  tigripes,  (^\\\). 
Culiciomyia  nelnilosa^  Theo. 


nunieroLis. 
twu  or  three, 
numerous. 


Campbell  Street. 
A  tin  from  a  compound  : — 

Megarhiniis  {Toxorhynchites)  hrevipalpis^  Theo.       one  specimen. 
Ochlerotatus  apicoannulatus^  Edw. 
Stegomyia  frazeri,  Edw.   . . . 


several  specimens, 
one  specimen. 


J^ost  hole  near  Saufiders  Brook. 
Stegomyia  siige/ts,  W  led.  ... 

Jlill  Station. 
Rock  pools  : — 

Anopheles  [A/yzo my i a)  fu fiestas,  GW^s     ... 
Stegomyia  sugens,  Wied.  ... 
Ochlerotatus  minuiiis/Wi^o. 
,,  siniulans,  Cart. 

Water  hole  in  a  tree  : — 

Stegoni via  frazeriy  VAw.   ... 
Ochlerotatus  mi  nut  us,  'I'heo. 

Liiniley  Road. 

Bolt  holes  in  cement  foundation  of  sand  elevator  : — 

Siegomyia  sugens,\\\Ki^.  ... 
Culiciomyia  nebulosa^  Theo. 

Wilbcrforce. 
Old  bottle,  wayside  ditch  : — 
Stegomyia  fasciata,  V. 

Old  tins,  rubbish  hea[)  : — 

Ochlerotatus  minutus,  Theo. 
Eretmopodites  quinquevittatus,  Theo. 

.,  chrysogastery  Grah. 

,.  inornatus,  Newst 


numbers. 


two  or  three. 

numl)ers. 

swarms. 

one  specimen. 


one  specmien. 
numbers. 


numbers, 
numbers. 


numbers. 


numbers. 

several. 

a  few. 

one  specimen. 


Rock  pools  on  wayside  boulders  {see  Plate  No.  7,  page  11) : — 

Anopheles  (pyretophorus)  costalis,  Lw.    .  .  ...   one  or  two. 

Stegomyia  sugens,  W"\itd    ... 

,,  luteocephalus,  Newt.     ... 


...    numbers. 
...   a  few. 


KocK    rooL   Ni:.\K   \\iLr.i-:Ki()K(;i':   s'ivx'iion, 


Plate  No.  7. 
A  breeding  hole  on  a  boulder  on  Wilberforce   Hill;  larvju  of  Stegomyia  siigeiis, 
S.  liitcoccphahi  and  AnopJiclcs  costalis  were  taken  here.       The  white  streak 
is  a  foot  rule  measure  showing  the  small  size  of  the  hole. 


Murray  Totvti. 

Road  side  rock  pools  : — 

A  nop  he /es  (pyreioplwrus)  costalis.,  Lw. 
Stegomyia  suge?is,  \\^ied.  ... 
„        fasciata^  F. 


several. 

numbers. 

numbers. 


C/ifie  Tow /I. 

Small  tank  in  a  compound  : — 

A /I  op  he /es  (pyretopJiorus)  costalis.,  Lw. 

Cii/ex  tigripes,  (irp. 

Ochltrotatus  apicoannulatus.,  Edw. 


several, 
one  or  two. 
a  few. 
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MOSOUITO     iiKKKDINc;     TOOl. 


I'ools  of  water  in  bed  ot  surface  water  drainage  channel  near  Kissy  Road 
Cemetery  ;  contained  larviu  of  Stegoniyia  sitgens  and  Anopheles  costalis  in 
Ma\.      In  July   this  channel  was  the  bed  of  a  torrential  brook. 

BREEDINC.     CKOrXl)     OK    AXOrilF.IJ-.S     M()S(M '  IT(  )KS. 


:--rx>-. 


Plate  No.  9. 
Swampy  flats  between   Kissy  Road  and  Fourah   Bay.     Suitable  breeding.;  i^ round 
for  Anopheles  mosquitoes.      Washing  in   progress  in  the  distance. 


r.ki':i':i)i\(;   (;R()n\'i)s  oi-"  ANoririu.i'.s   moschjitoes. 


Plate  No.   lo. 

Rock    I'ools  on  these  tlats  ;    Anoplielcs    costalis    and    Stegoniyia    sugens    were 
breeding  here. 


Plate  No.   II. 
Another  view  of  the  rock  pools  on  the  flats  l^etween  Kissy  Road  and  Fourah  Bay 
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BKEEDINt;    (IROUNDS    OF    ANOPHELES    MOSOUITOKS. 


Plate  Xo.    12. 
Details  of  the   nxk   i)ouls  shuwn   in   Plate    lo.        Contained    larwe    of   SAxowy/d 
s//i;t-//s    and  A  nop  he  I cs  costal  is. 


Plate  No.   13. 
View  of  Kissy  flats,  near  the  Station.     Breeding  grounds  oi  Anopheles  funestus. 


IS 


A'l'ssy  Road. 
I\<)('k    pools    ill    w;i)si(l'j     j^uUci"    near    the    cemetery    {sec    I'late    No.    8, 
pa-e  12)  :— 

Afiof^ht'/es  ( Pvr(/of'//orus)  cos/a/is^  \.\\.  ...  ...   several. 

S/exo/uvta  sui^^r/zs,  \\' i ed .  . . .  ...  ...  . . .    n u ni hers. 

/•'/tt/s  hehvccii  A'l'ssy  Road  ami  P'ourali  Bay  {see  Plates  Nos.  9,  10,  11  and 
i-\  pp    12-14)  :  - 

\\ock  pools  In  shallow  running  swamp: — 

An()f>/ie/es  ( Py7'etophoi-us)  costa/is,  Lw.  ... 
and  ])rol)ably  Afyzomyta  fit/ies^iis^  (liles 
S/ego/nyia  sugens,  Wied.  ... 


numbers, 

larvae  not  reared. 

swarms. 


Ktssy. 

Roek  [)()ols  in  swampy  lane  : — 

Anopheles  ( PyreiopJiorus)  cosfalis,  Lw. 
Stegomyia  siigens,  Wied.  ... 


numbers. 
swarms. 


Pools  in  gutter  by  side  of  railway  track  : — 

Anopheles  (PyretopJiorus)  costalis^  \a\.  ...  ...   numbers. 

Sfego?tiyia  sugens,\Y\ed.  ...  ...  ...  ...   swarms. 

Shallow  hard  bottomed  running  swamps  {see  Plates  Nos.  13,  14  and  15, 
pp.  14  and  16)  : — 

Anopheles  (Myzomyia)  funestus^  Qx\\&'^.  ...  ...   larviie     captured     in 

twos      and     threes 
over  large  areas. 


1  HK     FOIJ.OWING     SPECIES     WERE     REARED     B'ROM     LARV^     TAKEN     FROM 
PLANTS    IX    DIFFERENT    PARTS    OF    FREETOWN  : — 


Cocoa    Yam. 


Siegomyia  simpsoni,  Theo. 

,,         fascial  a,  F. 
Culiciomyia  nebulosa^  Theo. 


Uranoticnia  orna/a,  Theo. 
Erelmopodttes  draacmc^  Edw, 


common. 

a  few\ 

occasionally.     When 

present,  usually  in 

numbers, 
common, 
a  few^ 


"  Cock  Hat'"    Tree  {see   Plates  Nos.  16  and  17,  page  17)  : — 
All  the  above  species  with  the  exception  of  S.  fasciata. 

Eretmopodites  draccemc,  Edw.      ...  ...  ...   very  common. 

Banana. 
S/egomy/a  s/mpsoni,  Theo.  ...  ...  ...   not  numerous. 

Sarsapar/lla. 
Stegotnyta  fasciata,  F. 
Eretniopodiles  draccence^  Edw. 


in  numbers, 
a  few. 
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BREFDINc;    GROUNDS    OF    AXOPHLIJ-.S     .M<  >S(  )l '  11  oKS. 


Plate  Xo.   14. 
Another  \ic\\  ;     Kissy   X'illagc   in  the  chstance. 


Plate  Xo.   15. 
Pools  in  the  trickling  swamj)s  at  Kissy  Flats. 


\  ri.wr  WHICH  .\i  kords  r.REi-.niNc  I'LACES  for  mosoijitoks, 


Plate  No.   1 6. 
Cock  Hat "  Trees  ;     a  species  of  Draccvna.         The  species  in  the  foreground 
collects  water  in   the    central    whorl    and    axils    of    the    leaves.     The    stiffer 
leaved  v.'iricty  in  the  background  holds  no  water. 


M 

Pfi.'*-^^^^^ 

^E^^^OV^^VHBr /•  flS^' 

Plate  No.   17. 
''  Cock   Hat  "  Tree.     Affords  breeding  place  for  Stegomyla  simpsonL  Urajiotcrnia 
ornatus  and  Krct)iiopoditcs    draacmc.       Stegomyia  fasciata    and    Culiciomyia 
fiebulosa  are  also  occasional  l^reeders  in  this  and  other   plants. 


iS 


III.      BIONOMICS  OF  5.  FASCIATA. 

(A)  EGGS. 

General  Notes, 

The  eggs  of  Stegoniyia  fasciata  are  small  black  spindle-shaped 
objects,  which,  as  has  been  so  frequently  i)ointed  out,  are  laid  singly. 
They  vary  very  considerably  in  size  and  shape,  so  that  it  is  possible 
to  pick  out  examples  w  hich  in  form  and  size  closely  approximate  to 
the  eggs  of  >S".  sngens,  S.  sifHpsoui  or  .S".  liiteocepJiala^  all  of  which 
differ  from  each  other  and,  so  far  as  the  Hmited  number  of  <.'ggs  of 
these  species  obtained  is  concerned,  do  not  vary  greatly  individually 
in  either  size  or  outline.  A  noticeable  feature  of  typical  eggs  of 
S.  fasciata  is  that  in  one  of  their  aspects  they  are  slightly  asymetrical, 
bow-shaped   in  outline,  one  side  being  flatter  than   the  other. 


Fig.  I. 

Outlines  of  the  eggs  of  .S".  simpsoni^  S.  si/^^e/is,  and  S.  hiteocephala^  showing 
the  difference  in  shape  and  si/e  between  the  eggs  of  these  species,  and  an 
average  egg  of  .V.  fasciata.  The  dotted  outline  is  that  of  the  egg  of 
.v.  fasciata. 


Size. — The  measurements  of  the  nc^-mal  eggs  of  .S\  fasciata  are 
about  "630  to  '650  mm.  in  length  and  "160  mm.  at  the  greatest 
diameter.  Small  eggs,  frequentlv  of  stumpy  form,  are  sometimes 
laid  of  scarcely  more  than  two-thirds  the  normal  size,  while  large 
eo*o^s,  measuring  up  to  '8  or  'g  mm.  long  and  proportionately  thick,  are 
occasionally  to  be  found.  The  diminutive  eggs  are  generally,  though 
not  always,  laid  in  batches  by  females  all  of  whose  eggs  are  small, 
and    they    frequently    either   do    not    hatch    at    all    or   show   a  high 
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perctMUaLjc  n\'  iiiiciiilil\-.  The  L;i;mt  c:^^^s,  on  llu:  otb.cr  hand,  arc 
never  laid  in  batches,  but  occnr  in  twos  and  tlirees  amon^  ethers  of 
more  normal  si/.c  and  usual  1\-  liatch.  Tale,  colourless,  [;resumahl\' 
inunatui-e  e_L;L;s  are  occasionally  found  in  batches  ()(  ec^<^s  which  are 
(>r  the  normal  colouration — these  a|)[)ear  to  be  invariabl)'  infertile. 
Nnrni.dK-,  however,  all  the  eL;"t;s  laid  are  either  already  dark  when 
deposited  or  darken  with  <4reat  rapidity.  The  e^^^  masses  within 
the  ovaries  of  the  mosquitoes  are  usually  colourless,  but  in  many 
instances  the  ovaries  of  dissected  mosquitoes  were  found  to  be 
already  pii^mented,  usualh'  of  a  brii^ht  brown.  In  England  the 
number  of  white  egi^s  seen  after  deposition  suggests  either  that  eggs 
were  laid  when  less  matured,  or  that  the  development  of  pigmenta- 
tit)n  is  in  some  cases  much  less  rapid,  possibly  owing  to  the  lower 
temperature. 

Surface  Sculpturing. — The  surface  of  the  Gg^  is  covered  with  a 
delicate  cellular  reticulation  formed  by  thin  walls  of  chitin.  From 
the  centre  of  each  cell  space  over  the  greater  portion  of  the  area  ari.se 
hemispherical  bosses.  At  the  blunt  end  the  cellular  reticulation 
is  produced  to  form  a  low  wall  surrounding  the  micropylar  area  of 
the  <:gg. 

The  Bosses. — The  bosses  within  the  cell  walls  are  not  merely 
structural  irregularities  of  the  egg  wall,  but  are  definite  masses  of 
a  stainable  substance,  probably  of  a  colloidial  nature.  Sections 
of  the  eggs  within  the  ovary  show  that  these  bosses  are  apparently 
formed  in  pockets  of  a  delicate  inner  membrane  w^hich  enshrouds 
the  egg. 

The  purpose  of  the  structural  features  of  the  eggs  of  Stegomyia 
i^  usuall}-  assumed  to  be  connected  with  the  floating  of  the  eggs, 
which  are  heavier  than  water  and  sink  once  they  are  freed  from  the 
surface  film  of  water.  In  view,  however,  of  the  fact  that  surface 
structure  of  the  shell  alone  would  be  quite  sufficient,  as  in  the  case 
of  other  insect  structures,  to  meet  all  the  requirements  connected 
with  adjustment  to  the  surface  film,  it  seems  not  improbable  that 
the  bosses  ma\'  serve  an  entirely  different  purpose  to  the  cellular 
reticulation  with  which  thc\-  are  associated.  This  purpose  ma}- 
possibly  be  connected  with  the  insulation  of  the  ^gg  from  heated 
surfaces  on  which  it  rests,  or,  as  seems  more  j^robable,  \\\\\\  the 
ability  of  the  eggs  to  resist  desiccation. 

in    this  connection    it   nia\'  be    noticed    that    shrunken  ^^g'^^  the 
sides    of    which    are    collapsing,    often    contain     living    larvae,    and, 
further,  that  such  eggs  will  regain  their  full  rotundity  when   placed  in 
C* 
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water,  while  after  regaining  their  original  shape  they  may  still  defer 
hatching  to  a  later  period.  The  suggestion  is  that  by  means  of 
these  bosses  the  egg  is  enabled  to  absorb  moisture  if  wetted  by 
rain  or  dew. 

Situation  zvhere  eggs  are  laid. — The  eggs  of  Stegomyia  are  generally 
stated  to  be  laid  on  the  surface  of  the  water.  This  ma)'  very  possibly 
be  accurate  in  the  strict  sense  of  the  word,  in  that  there  is  always  a 
film  of  water  present  on  which  the  ^'g'g  is  laid.  Certainly  no  instance 
of  an  egg  being  laid  on  a  dry  surface  has  occurred  with  the  thousands 
laid  b\'  captive  females  in  the  course  of  this  research,  and  very  few 
were  ever  laid  in  receptacles  containing  honey  or  syrup  for  the  adults, 
even  when  there  was  no  other  licjuid  available  for  oviposition.  As  a 
general  statement,  however,  it  is  misleading  to  say  that  the  eggs  are 
deposited  on  the  surface  of  the  water,  as  in  the  great  majority  of 
cases  they  are  to  be  found  on  the  wet  margins  of  the  receptacle 
containing  the  water,  or  of  some  partially  submerged  object,  such  as 
a  leaf  or  twig.  These  situations  suggest  that  they  are  either 
deposited  on  the  margin  itself —in  some  instances  there  was  definite 
proof  that  such  was  the  case — or  on  the  water  in  such  close  proximity 
to  the  margin  that  capillary  action  on  an  evaporating  surface 
inevitably  strands  the  greater  proportion  of  them. 

The  general  position  during  oviposition  would  seem  to  be  for  the 
female  to  rest  (mi  the  margin  with  her  back  to  the  water.  In  certain 
instances,  however,  the  eggs  are  widely  scattered  over  the  water 
surface  suggesting  that  they  are  deposited  while  the  female  walks  on 
the  water.  All  the  evidence  from  the  laj'ing  of  eggs  on  wet  filter 
paper  points  to  the  fact  that  the\'  are  deposited  while  she  rambles 
about.  It  may  be  mentioned  while  dealing  w  ith  this  point  that  the 
eggs  appear  to  hatch  equalh'  well  whether  resting  at  the  bottom, 
floating,  or  attached  to  the  margin  beneath  the  surfare.  Only  a 
single  instance  i^{  a  female  la)'ing  her  eggs  in  a  cluster  on  the  surface 
of  water  was  observed.  In  this  case  the  female  had  thrust  one  or 
more  of  her  legs  through  the  surface  film  and  was  found  lying  on  her 
side  in  a  bogged  condition  alongside  her  eggs.  The  laying  of  eggs 
in  clusters  would  seem  to  be  of  rare  occurrence. 

A  few  eggs,  presumably  onl}-  a  small  proportion  of  those  laid  on 
the  water  surface  at  its  margin,  sink  at  once.  Others  that  have 
been  laid  or  stranded  on  the  steep  or  vertical  sides  of  breeding  pans 
are  washed  down,  some  sinking,  while  the  remainder  are  restranded. 

No  doubt  under  natural  conditions,  where  the  range  of  circum- 
stances is  less  restricted,  the  figures   may  be  less  one  sided,  but  with 
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I'llo  l<  )(.U  AI'IIS  ol'   IICCS  Ol"  S/'/CCOMVIA   I' A  SCI  ATA. 


Plwio  by  /■.   XraJ  (iark:\ 

J' Ink  No.   18. 
Eggs  of  Sicgoinyia  fascia/a.^  laid  on  leaf  of  Cottonwood  tree,  x  20. 


1: 


I'Hoto  by  /•.   Xond  Clark.  \ 

J'latc  No.   19. 
Egg   of  Stc)^omyi(t  fasciatd.,  laid  on  leaf  of  Cottonwood  tree.  x  40. 


the  niethtKl>.  citli>[)tccl  for  reariiiL^  iii  lliis  rc-^ciucli  h>'  t.ir  the  larj^er 
proportion  of  the  eg^s  deposited  were  either  laid,  or  stranded  by 
capillary  action,  on  the  filter  paper  covering  sides  of  the  breeding  [^ans 
above  water  Itvel,  at  an  estimate  quite  90  to  95  per  cent.  Kven  with 
such  badly  adapted  margins  for  stranding  as  tins  would  apj^ear  to 
afford,  rust  and  dirt  quickly  produce  an  absorbent  surface  Vv'hich  acts 
almost  as  well  as  filter  paper  for  the  attachment  or  stranding  of  eggs. 

Distribution  after  layirii^'. — Kggs  laid  in  the  hollows  formed  in  the 
beds  of  small  streams,  ditches,  runlets,  or  guttering  u  ill  tend  to  be 
washed  downwards  with  each  successive  shower  o'i  rain  and  collect  in 
the  larger  and  more  permanent  pools,  cisterns  or  w  ater  butts,  as  the 
case  may  be,  as  the  attachment  of  the  eggs  is  precarious  in  the 
absence  of  any  other  cement  than  that  afforded  by  water  scum,  which, 
though  firm  enough  during  dr\'  weather,  is  easily  soluble  in  rain 
water.  Eggs  laid  in  sheltered  water  holes,  in  tree  trunks,  rock  pools 
or  tins  are  less  liable  to  be  distributed,  but  even  in  these  cases  a 
certain  number  will  be  laid  on  fallen  leaves,  some  (^i  which  ma\-  be 
scattered  during  dry  periods.  With  undisturbed  eggs  the  gradual 
rise  of  water  le\el  during  the  onset  of  rain  affords  ideal  conditions  to 
induce  hatching  by  gradually  wetting  and  then  immersing  them  in 
cool  water,  while  at  the  same  time  the  number  of  lar\;u  hatching  tends 
to  be  automaticall)'  adjusted  to  the  quantit}'  of  water. 

IlatcJiing. — The  ^g^  shell  is  ruptured  In-  a  clean  transverse  break 
at  about  a  cjuarter  of  its  length  from  the  blunt  micropylar  end. 
Sometimes  the  cap  falls  completely  off,  but  more  frequently  it  is  left 
slightly  attached  to  or  lying  against  the  shell  like  a  hinged  lid.  As 
the  level  of  this  clean  cut  corresponds  with  the  position  of  the  '^g'g 
breaker,  or  more  properly  cutter,  on  the  head  of  the  larva,  there  can 
be  little  doubt  as  to  the  origin  of  the  rupture  in  the  shell  which  allows 
the  larva  to  emerge.  There  are,  however,  some  minor  points  con- 
nected with  hatching  u  hich  would  seem  to  suggest  automatic  action 
on  the  part  of  the  ^'g^  case  and  its  contents  apart  from  voluntary 
niovement  of  the  larva  at  the  moment  of  its  emero^ence. 

In  a  number  of  cases  eggs  which  had  undergone  long  periods  of 
dry  storage,  or  had  been  submitted  after  long  resistance  of  other 
methods  to  cooling,  hatched,  but  yielded  larvie  so  feeble  that  they 
speedil}'  died. 

Eggs  hatched  under  the  intluence  of  salt  water  show  a  considerable 
proportion  which  uncap  although  the   larvae  do  not  emerge*.     Again 


*  This  also  occurred  to  eggs  ihat  had  been  exposed  to  Formaline  vapour  for  24  hours. 
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tlicrc  i>  the  cxislcint'  of  what  inay  l)c  termed  a  time  zone  system  in 
the  hatchin<j^  of  resistant  ei^^s.  They  do  not  respond  to  the  rei)etition 
of  .\7/w//// at  short  intervals  in  the  same  marked  manner  that  they 
show  if  the  repetition  occurs  after  a  considerable  lapse  of  time.  And 
further,  as  will  be  shown  later  in  Experiment  No.  XVI 1 1.,  there  is 
evidence  tiiat  the  latent  tendency  to  defer  hatchin<,r,  which  is  probably 
hereditary,  ma\-  be  considerably  influenced  by  external  conditions 
after  incubation. 

In  the  li<^dU  of  these  considerations  it  seems  possible  that  the 
larva-,  which  appear  to  be  fully  developed  within  40  hours  of  the 
layini,^  of  the  eL;ij^*,  differentiate  as  regards  the  period  when  they 
perform  the  operation  of  incising  the  shell,  those  that  have  already 
performed  this  operation  being  ready  to  respond  to  external  stimuli 
at  once,  while  the  others  must  delay  until  the  necessary  action  is  per- 
formed or  defer  indefinitely  because  the  conditions  have  ceased  to 
stimulate  before  the  operation  is  completed. 

It  seems  questionable  to  what  extent  volitional  action  on  the  part 
of  the  larva  is  responsible  for  the  final  uncapping  of  the  ^^%.  Some- 
times the  larva  emerges  with  a  "  Jack-in-the-box  "-like  celerity, 
at  others  it  will  remain  quiescent  for  a  minute  or  so  and  then  quickly 
and  easily  get  free,  or  it  may  feebly  and  slowly  struggle  out. 

Experimental  Evidence  Relating  to  the  Hatching  of  Eggs. 

'1  he  experimental  evidence  concerning  the  hatching  of  eggs  is  to 
a  considerable  degree  bound  up  wn"th  questions  of  Qgg  laying  and 
fertilit}-,  which  belong  rather  to  the  section  dealing  with  adults.  This 
is  esj^ecially  the  case  with  the  two  preliminary  Experiments,  Nos.  I. 
and  II  ,  which  are  included  in  this  section,  as  they  preface  the  whole 
of  the  experimental  work  dealing  with  hatching  as  well  as  that 
concerning  egg  production  and  fertilization  ;  the  chief  value  of  these 
])rovisional  experiments  beir.g  in  regard  to  the  questions  raised  during 
their  progress  and  the  basis  thus  afforded  for  planning  better  con- 
trolled tests. 

*  In  Freetown  at  a  temperature  of  80°  F. 
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F.xpe rim ent  N<>.    Ill 

llAK   UlNLi    (Jl     L(HiS     \.\\\)    V>\     A     Wll.l^     IKMALl-: 
OF   STEGOMYJA    FASCIATA. 

A  living  female  was  found  ''  bogged  "  on  the  surface  of  the  water  contained 
in  a  biscuit  tin  (at  26,  Westmoreland  Street).  Her  feet  had  broken  through 
the  surface  film,  and  in  this  tra[)pcd  position  she  had  laid  a  batch  of  59  eggs. 
In  the  light  of  later  experience,  the  position  in  which  the  eggs  were  laid  and 
their  arrangement  was  most  unusual ;  at  the  time  it  was  thought  that  this  was 
a  normal  instance  of  egg  laying.  The  eggs  were  taken  up  on  a  slip  ot  filter 
paper  and  a  camera  drawing  of  the  arrangement  of  the  eggs  as  laid  was 
prepared.  The  batch  was  carefully  submerged  in  a  glass  dish  containing 
200  c.c.  of  lap  water. 


FiG.  2. 


Date  of  laying. 


24ih  September 


i 

OK    EGGS. 


59 


Date  of  hatching. 


September. 


27 


35 


28 


October. 


17 


12 


Remarks  and  Notes. 

The  block  fi^Tures  indicate  that  hatching  followed  after  a  break  in  the 
continuity  of  the  conditions. 

On  the  4th  October  the  pan  was  refilled  with  fresh  water,  and  on  the  i2lh 
the  e^T^'s  were  lifted  from  the  water  for  a  space  of  four  hours  and  allowed  to 
dry  ;They  were  then  re-immersed  in  the  same  water. 

One  e^^^'"  remained  unhatched  ;  this  was  taken  from  the  water  on  the 
i-th  October,  dried  and  then  returned  to  the  water.  This  was  repeated  on 
the  2''rd  October,  and  again  for  the  fourth  time  a  few  days  later.     As  the  egg 
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Experiment  No.  I. 
PRELIMINARY  EXPERIMENT  REGARDING  THE  LAYING  AND  HATCHING  OF  THE  EGGS  OF  STEGOMYIA  FASCIA! A. 

T«o  females  and  several  males  used. 

The  first  female  emerged  20th  August,  1914  ;  the  second  on  the  ist  September,  1914- 

The  first  male  emerged  30th  August,  1914  ;  the  second  on  the  4th  September,  1914-    Other  males  were  placed  with  the  females  when  these  two  died.    Opportunities  of  feeding  on  human  blood  were  afforded  each  night. 
The  eggs  were  collected  each  day  from  the  wet  filter  paper  on  which  the  glass  jar  containing  the  mosquitoes  was  inverted. 
All  the  eggs  were  submerged  in  water,  none  were  allowed  to  remain  floating. 

Batches  i  to  9  were  kept  in  separate  glass  dishes  of  various  sizes,  except  the  three  laid  on  12th,  13th  and  14th  September  (.Vos.  6,  7  and  S),  these  were  in  larger  pans  than  the  others  and  equal  in  size. 
Batches  10  to  13  separated  from  each  other  in  small  glass  dishes  were  all  submerged  in  one  large  pan. 
Batches  15  to  20  separated  from  each  other  in  small  glass  dishes  were  all  submerged  in  a  second  large  pan. 
Batches  2 1  to  30  kept  in  separate  dishes. 
\Batch  No.  14.     These  250  eggs,  put  down  under  date  of  the  22nd  September,  were  collected  from  the  rim  of  the  jar.      As  no  previous  search  for  eggs  had  been  made  in  this  situation  it  is  probable  that  this  batch 

represented  an  accumulation  covering  several  days.     This  situation  was  subsequently  searched  each  day. 
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Date  of  hatching. 

Dates  on  which 

September. 

October. 

14 

15 

16 

I 

49 

17 

3 
4 
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1.  The  remaining  egg  failed  to  hatch  and  collapsed  on  drying. 

2.  The  remainder  dried  on  loth  October  ;  all  but  one  collapsed,  this  egg  was  opened  and  found  tu  contain  a  larva, 

3.  All  failed  to  hatch  during  the  month  lliat  they  were  kept  in  water  and  collapsed  when  dried, 

4.  The  remainder  collapsed  when  dried  on  13th  October. 

5.  Failed  to  hatch  during  the  month  it  was  kept  in  water  and  collapsed  when  dried. 

6.  For  a  whole  batch  of  this  size  to  hatch  on  the  same  day  is  very  unusual. 

7.  The  remainder  collapsed  when  dried  on  13th  October. 

8.  When  dried  on  15th  October  all  but  one  collapsed  ;  this  egg  was  relurned  to  the  water  and  iialch^d  on  the  following 

day. 

9.  All  collapsed  when  dried  on  r4lh  October. 

10.  The  balance  collapsed  when  dried  on  14th  October. 

11.  The  remainder  collapsed  when  dried  on  I4tli  Octoher. 

12.  Collapsed  before  its  removal  from  the  water. 

14.  When  dried  on  25th  October  all  the  unhatched  eggs  except  three  collapsed.     These  three  were  returned  to  the  water 

but  failed  to  hatch  ;  they  were  again  dried  on  gtli  November  and  immersed  on  January  I5lh,  and  failed  to  hatch, 
when  dried  for  ihe  third  time  they  collapsed. 

15.  The  remainder  collapsed  when  dried  on  the  l6th  October. 

16.  The  remainder  collapsed  when  dried  on  the  l8th  October. 

17.  The  remainder  collapsed  after  the  second  drying  on  the  23rd  October. 

18.  All  collapsed  when  dried  on  the  l6lh  October. 

ig.  As  the  remaining  eggs  failed  tn  hatch  and  did  not  collapse  they  were  stored  on  the  9th  November,  1914,  but  were 

dead  when  opened  in  May. 
20.  After  the  third  drying  lUl  the  mihalched   eggs  but  one  collapsed,  this  egg  resisted  altogether  five  dryings  and 

re-immeisions  ;  it  "was  stored  dry  from  the  gih  November  until  ihe  30lh  December,  when  it  was  found  to  have 

collapsed. 

22.  After  the  second  drying  there  were  17  unhatchcd  eggs  which  did  not  collapse.     None  of  thtsc  hatched  on  the  lliird 
immersion  ;  ihey  were  dried  and  stored  on  the  gih  November,  1914,  Ijut  were  dead  when  opened  in  May. 

! 

■  24  to  30.  These  batches  were  kejit  immersed  for  three  weeks,  they  were  then  dried  ;  all  collapsed. 

*  One  female  escaped  on  the  2nd  October,  tlie  other  died  on  13th  October. 
Rem.\rks  and  Notes. 


\Vhere  the  figures  showing  the  number  of  eggs  hatching  are  given  in  block  type  it  is  to  be  taken 
as  an   indication  that  the  continuity  of  the  conditions  had  been  interrupted. 

In  the  case  of  Batch  No.  ~.  the  eggs  were  shifted  on  the  17th  September  from  a  small  to  a  larger 
pan  filled  with  fresh  water.  On  the  28th  Septeml^r  the  pans  containing  eggs  of  Batches  Nos  i  to  j 
and  6  to  10  were  re-fil!ed  with  fresh  water.  The  3  larvas  that  hatched  from  eggs  of  Batch  No.  77 
on  22nd  October  did  so  within  15  minutes  of  their  re-immersion  in  water  after  a  second  drying;  the 
first  drying  and  re-immersion  having  failed  in  its  object. 


The  response  of  Batcli  No.  20,  with  8  larv:.  hatching  on  the  19th  and  35  on  the  22nd  October,  was 
apparently  due  to  drying  and  re-immersion  on  tie  iSth  and  21st  October  respectively.  In  this  instance 
also  most  of  the  larvje  were  free  from  the  eggsl  ell  within   10  minutes  of  their  being  placed  in  water. 

With  Batch  A^o.  22  the  hatching  of  the  20  larvae  that  emerged  on  the  24th  and  i  on  the 
25th  October  was  apparently  due  to  the  drying  )f  this  batch  on  the  23rd,  and  its  re-immersion  on  the 
24th.  Here  again  the  majority  of  the  larvje  we:e  out  within  10  minutes  of  the  eggs  being  returned  to 
the  water. 


To  Ml  pas, 
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thoul  any  api);ucnt  effect. 

■moval  from  ihc  pan  on  lyih  ()ctol)er. 

^(1  in  10  niinulcs,  i  later  in  the  day,  I  the  next  day.  Of  the  two 
I,  while  the  other,  after  resisting  five  dryini^s  and  re-immersions, 
mber.     It  was  then  immersed  and  hatched  within  30  minutes, 

alance  dried  for  the  second  time  on  the  23rd,  and  for  the  third 
d  after  the  third  drying.  When  re-immersed  on  1st  November, 
rs.  On  the  2nd  November,  the  batch  was  dried  for  the  fourth 
)  eggs  hatched  and  the  batch  remained  in  water  until  the  21st 
water  was  put  into  an  ice  chest  for  an  hour  and  a  half;  during 
11  80''  F.  to  73°  F.     2  eggs  hatched  ;   remaining  eggs  dissectecl 

sion  Dried  again  on  24th  October,  and  not  immersed  until 
3  within  2  hours,  and  3  more  the  following  day.  (Jn  the  3r(l 
:  antl  re-immersed  on  the  4th  ;  none  hatched  Dried  for  the 
ed  without  any  eggs  hatching.  The  batch  was  dried  for  the 
oth  January,  when  all  the  unhatched  eggs  were  found  to  have 


3  Oc 
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10 


mber,  when  the  eggs  were  put  in  a  cool,  heavy  rain  for  about 
4,  3  and  26  hatched  on  successive  days.  The  batch  was  kept 
ece  of  filter  paper  on  which  the  eggs  were  laid  was  lifted  from 
at  was  blowing  ;  the  batch  was  again  immersed  while  tlie  eggs 
!  remainder  on  the  24th  December  when  ccjoled  in  ice  chest. 
Viuiersed  ;  none  hatched.  They  were  again  dried  on  9th  Nov- 
2th  May  and  found  to  be  dead. 

mierscd  ;  none  hatched.        They    were    again    dried    on    9lh 
^n  1 2th  May  and  found  to  be  dead. 


Experiment  No.  II. 
EXrERIMKNT   RKCARDING  THE   LAVING  AND  HATCHING    OF   EGGS  BY  STEGOMYIA  FASCIATA,  IN  WHICH  ONLY  ONE  FEMALE  WAS  USED. 
The  lemale  emerged  on  the   .oth  September,  1914.     Two  males  were  kept  with  her ;  o«e  emerged  on  the  nth  September,  and  the  other  on  the   rjth  September. 
Opportunities  for    eedmg  on  human   blood  were  afforded  each  night  from  the  loth  September  onwards.     The  female  died  on  the  .jth  October  (life  47  days). 

The  eggs  were  collected  each  eveniuir  from  the  wet  filter  mnpi-  r^.-.  ,.>v,;^u  *u       ,  •   •       .1,  v  1 

ot  iii^  iiuui   LUC  wet  niter  papei   on  which  the  glass  jar  containing  the  mosquitoes  was  inverted. 

All  the  eggs  were  submerged  in  water.       None  were  allowed  to  float. 

Each  batch  when  laid  was  placed  m  a  solid  watch  glass  and  these  were  submerged  m  a  large  glass  trough  so  that  all  the  batches  might  have  identical  conditions  in  regard  to  quantity  and  temperature  of  water. 


September 


3      4   I  16  20  24  28   29 


The  pan  was  refilled  with  fresh  water  on  6th  October  without  any  apparent  eflect. 

1.  The  remaining  eggs  were  accidently  destioyed  after  reniuval  from  the  pan  on  I7lh  October. 

2.  All  collapsed  when  dried  on  17th  October. 

3.  Dried  on  iSth  October,  re-immersed  on  19th,  10  hatched  in  10  minutes,  1  later  in  the  day,  i  the  next  day.  Of  the 

remaining  eggs,  one  collapsed  after  its  third  drying,  while  the  other,  after  resisting  five  dryings  and  r 

was  stored  dry  from  9th  November  to  i6th  December.    It  was  then  immersed  and  hatched  within  30  minutes, 

luit  the  larva  died  before  its  first  moult. 

4.  Dried  on  20th  October,  re-immersed  on  21st      The  balance  dried  for  the  second  lime  on  the  23rd,  and  for  the  third 

time  on  25th,  14  eggs  retained  their  shape  imaltered  after  the  third  drying.  When  re-immersed  on  1st  November, 
4  hatche<l  in  20  minutes  and  6  more  within  2  hours.  On  the  2nd  November,  the  batch  was  dried  for  ihe  fourth 
time  and  was  not  re-immersed  until  the  12th.  No  eggs  hatched  and  the  batch  remained  in  water  until  the  21st 
November,  when  the  pan  containing  the  eggs  and  water  was  put  into  an  ice  chest  for  an  hour  and  a  half;  duiing 
this  period  the  temperature  of  the  water  fell  from  So'  F.  to  73'^  F.  2  egg?  hatched  ;  remaining  eggs  dissected 
on  isdi  May  and  found  to  he  dead. 

5.  Dried  on  23rd  October  ;   none  hatched  on  re-immer^ion      Dried  again  on  24th  October,  and  not  immersed  until 

1st  November  ;  3  hatched  within  15  minutes,  23  within  2  hours,  and  3  more  the  following  day.  On  the  3rd 
November  the  batch  was  dried  for  a  third  time  :md  re-immersed  on  the  4th  ;  none  hatched  Dried  for  the 
fourth  lime  on  5th  November,  and  again  immersed  without  any  eggs  hatching.  The  batch  was  dried  for  the 
8th  November  and  stored  until  the  loth  January,  when  all  the  unhatched  eggs  were  found  to  have 


fifth 
collapsed 

All  collapsed  when  dried  on  22nd  October. 

Dried  on  5th  November  and  stored  until  21 
half  an  hour  ;  they  were  then  immersed  ir 
immersed  until  the  20th  December,  whe 
the  water  and  exposed  to  a  very  cool,  dry 
were  still  wet ;  I  hatched  within  an  hour, 
:sed  until  4lh  November,  then  dried  i 


ember  and  stored. 

9.  Immersed  until  4th  Novel 

November  and  stored. 

10.    Immersed  until  Sth   .\i..ve 


20th   DL-c<.n)bLr  ;  n 

and  1  on  following 

months'  drying, 
imersed  until  Sth  November,  then  dried, 

wind  on  20th  December,  I  hatched  the 

dry  wind  on  2Sth  December,  i  hatched, 

all  unhatched  eggs  dead, 
imerscd  until  Sth  November,  then  dried 
;  pan  of  water  containing  the  eggs  ^ 


id  Deceudjer,  when  the  eggs  were  put  in  a  cool,  heavy  rain  for  about 
water;  4,  3  and  26  hatched  on  successive  days-     The  batch  was  kept 
n  the  pii  CO  of  filter  paper  on  which  the  eggs  were  laid  was  lifted  from 
wind  th  L  was  blowing ;  the  batch  was  again  immersed  while  the  eggs 
and  th(  t  cniainder  on  the  24th  December  when  cooled  in  ice  chest. 
nd  re-i.iiiiierscd  ;  none  hatclied.     They  were  again  dried  on  9th  Nov- 
I2tli  May  and  found  to  be  dead, 
d  and  re-immersed  ;  noi-.e  hatched.       They   were    again    dried    on    gth 
;gs  opened  on  12th  May  and  found  to  be  dead. 

d  and  exposed  to  rain  on  2nd  December ;   i  hatched.     Cooled  on  20th 

,.,   i  ^  V   ,,M  1^'  In  cool,  dry  wind  ;  cooled  in  ice  chest  on  24th  December; 

I  I  I       ij    I  on  2Sth  December  without  effect.     Dried  and  stored  31st 

ir   11-    Ljgs  were  found  to  be  dead. 
1   ■  ■  i  1    rain  on  2nd  December,  4  hatched.     Cooled  in  dry  wind  on 
Again  cooled  in  dry  wind  on  28th  December.     2  hatched 
December ;  all  unhatched  eggs  collapsed  during  3 


Remainder  dried  and  stored  31: 


xposed  I 


n  2nd  December ;  2  hatched  on  3rd.     Cooled  in  dry 
len  cooled  in  ice  chest  on  the  24th.     Again  cooled  in 
Remainder  dried  and  stored  31st  December;  examined  30th  April, 


temperature  fell  fro 

Immersed  until  Sth  Ni 

opened  and  found 


I  re-immcrsed  15th  November;  none  hatched.  On  21st  November 
placed  in  an  ice  chest  for  an  hour  and  a  half;  during  this  period  the 
73°  F.  All  the  remaining  eggs  hatched  on  the  following  day. 
-ember,  then  dried  and  re-immersed  ;  none  hatched.  On  the  17th  November  an  egg  was 
contain  a  fidly  formed  larva  to  all  appearances  living,  but  it  failed  to  make  any  movements 
placed  in  water.  Cooling  in  dry  air  on  20th  December  was  without  result,  but  after  a  repetition  on  28th 
December  i  hatched.  The  remaining  eggs  were  stored  on  31st  December.  Remaining  eggs  opened  12th  May 
and  found  to  l)e  dead. 

lersed  until  8ih  November,  then  dried  and  re-imniersed  a  week  later ;  2  hatched  on  4lh  December  (this  was  not 
a  response  to  any  break  in  the  continuity  of  the  conditions).  Cooletl  in  dry  wind  on  20lh  December  ;  i  hatched 
on  24ih  when  cooled  in  ice  chest.  The  second  cooling  in  dry  wind  on  the  2Sth  December  had  no  effect.  Remain- 
big  eggs  dried  and  stored  on  31st  December  ;  examined  30th  April,  all  unhatched  eggs  dead. 


,v     k!  I^"  ^'  ^^^*  °^  ^^'•''  ^°-  •5.P'"  '^°™  ""'^''''  '''"'^  "^f  ""^  ^■i'h  September,  were  collected  from  the  lims  of  the  jar  • 
this  batch  was  an  accumulation  covermg  several  days.     This  situation  was  subsequently  searched  for  eggs  each  day. 


as  no  previous  search  for  eggs  had  been  made  in  lliis  situation  it  is  probable  that 
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did   n<»i    h.ilch    nor   collapse^,   it    was   opened,   and   toiind    lo    contain    a   fully 
dcvcloDi'd   lar\a    in    iVesh   eoiulition,  prohahly  killed    in  tlie   disscidion    of   the 

egg. 

I'l.xf'crimctil  No.  IV. 

i:i'i'i:("rs  oi'  i.\  apoka  riox  axd  ri:im.a(;1':mi<:x  r  oi'  waikr-. 

A  female  ihal  eiiK'rL;c(l  23rd-24th  September  was  left  loi-  three  or  lour  days 
ill  a  ea;j;e  witli  a  nuuihcr  of  males  and  then  segregated.  Opportunities  of 
feechng  on  liunian  hlood  were  afforded  daily.  'Hie  female  died  on  3rd  (>jt. 
lOggs  were  collected  each  day.  All  the  eggs  were  submerged  when  in  water. 
\'erv  small  j)ans  were  used,  containing  only   1  o  to  15  c.c.  of  water. 


l).\Ii:S    ON    WHICH         NuMHIiR    OI"      RkI'KRENCK 
KGl.S    WKRK    LAID.  KCGS    LAIO.  NVMBER. 
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Remarks  and  Notes. 

1.  The  water  was  allowed  to  evaporate;  by  the  20th  October  the  eggs 
were  dry.  Fresh  water  was  added,  and  i  egg  hatched  in  two  hours  and 
a  half.     The  remaining  egg  collapsed  while  in  water. 

2.  The  water  was  allowed  to  evaporate;  by  the  20th  October  the  eggs 
were  dry  and  fresh  water  was  added.  i  egg  hatched  within  twenty 
minutes,  2  more  within  five  hours.  The  water  was  again  allowed  to  evaporate, 
by  the  loth  November  the  two  remaining  eggs  were  again  dry  ;  i  collapsed, 
the  other  was  re-immersed  and  hatched  within  thirty  minutes. 

Experiment  Xo.  I.  is  concerned  with  the  laying  and  hatching  of 
eggs  laid  b\'  two  bred  females  which  had  the  companionship  of 
several   males  during  the  course  of  their  lives. 

Experiment  No.  II.  is  concerned  with  the  eggs  laid  by  a  single 
female,  but  two  males  were  placed  with  her  in  order  to  better  the 
chances  of  all  the  eggs  laid  being  fertilized. 

The  plan  of  putting  batches  of  eggs  in  small  dishes  and  im- 
mersing them  in  one  large  pan  of  water  was  extended  in  this 
experiment  to  the  whole  series,  with  a  view  of  getting  the  conditions 
for  all  the  eggs  as  nearly  identical  as  possible. 

Experiment  No.  III.  dealt  with  a  batch  of  eggs  laid  by  a  wild 
female  ;  the  opj:)ortunity  afforded  by  this  find  was  seized  on  as  a 
means  of  checking  results  obtained  when  eggs  laid  b\^  reared  captives 
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were  used.  As  it  tuiiiccl  out,  the  occasion  was  uiiifjuc,  but  there 
is  no  reason  to  suppose  that  the  eg^s  were  in  any  way  affected  by 
the  accident  of  their  deposition. 

Experiment  No.  IV.  was  initiated  U)  contrast  the  effect  of 
gradual  evaporation  of  the  water  in  u  hich  the  eggs  were  submerged 
with  the  less  natural  methods  employed  to  induce  resistant  eggs  to 
hatch  in   Experiments   No.   I,  and   II. 

The     fact     that    49    eggs     forming     batch     6      in      I^^xperiment 
No.    I.,   which   all  hatched   on   the  same  day,  were  kept  in  a  larger 
pan  of  water   than   batches   i   to   5   in   the  same   experiment,   raised 
the  question  of  a  possible  relation   between  the  size  of  the  body  of 
water  and  period  of  hatching. 

The  existence  of  such  a  relation  was  supported  by  the  hatching 
of  a  large  number  of  eggs  oi'  batch  7  (Experiment  No.  I.),  following 
upon  their  transference  to  a  larger  dish  of  water.  On  the  other 
hand,  the  addition  of  fresh  water  apart  from  an\'  change  in  quantity 
was  the  apparent  cause  of  batches  i,  2,  7,  S  and  10  hatching  on 
the  29th  September.  A  comparison  w  ith  the  hatching  of  eggs  in 
Experiment  No.  II.,  when  the  quantit}'  of  water  was  much  larger, 
and  Experiment  No.  III.,  when  it  was  equalh'  large,  pointed  to  the 
probabilit)'  of  the  unanimous  hatching  of  the  eggs  in  batch  6  being 
a  chance  occurrence,  while  the  [martial  nature  of  the  response  to  either 
removal  to  larger  pans  or  the  renewal  of  water,  together  with  the 
vagaries  of  hatching  displayed  In'  the  batches  immersed  in  the  same 
pans  of  water  in  both  Experiment  No.  I.  and  Experiment  No.  II., 
showed  that  the  factors  underlxing  hatching  were  probably  of  a 
complex   nature. 

The  high  percentage  of  apparent!)'  infertile  eggs  and  the  erratic 
nature  of  their  distribution  among  the  various  batches  of  Experiment 
No.  1.  rendered  it  \er\'  doubtful  if  both  the  females  had  been  fertilized. 

It  was  an  evident  feature  of  all  these  earl\'  experiments  that  the 
incidence  of  hatching  was  dominated  to  a  greater  or  lesser  extent 
by  external  conditions,  among  which  drying,  the  changing  of  water, 
and  temperature  conditions  acted  as  stit)uili  on  a  certain  proportion 
of  the  eggs  onl\',  wild  laid  eggs  being  affected  as  well  as  those  laid 
in  captivit)'. 

The  points  raised  which  it  seemed  desirable  to  investigate 
further  may  be  sinnniarisecl  in  the  following  cjuestions  : — 

(i)   Does  the  quantitx'  of  water  in  which  the  eggs  are  immersed 
have  an\'  further  intluence  on  hatching  ? 
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(2)  An-   all    the  c;^^l;s   laid    1)\-    a    fi'iiialc    cap.ihlc   of   survivinj^ 

(Ii-s'iiil;  ;  il  a  porlioii  oiilx'.  i^  tin-  al)ilil\-  icslrictcd  to 
irrlaiii  l)aUlu'S  oi"  cmmiIv  dislrihiilc'l  '■! 

(3)  W  h.it  is  the  cried  oil  hatchiiiL;    ol  immediate   as  contrasted 

with  dercrivd  immersion  ;  dot.'s  the  mmtality  rise  in 
ri^Iatioii  to  the  pei'iod  ot  slor.ij^c!  and  is  it  affected  l)\'  the 
hnmidit  \'  o|"  the  eondit  ions  ol  storage  ? 

(4)  Is    temperature-     the     stimulating,^     factor      wliich     induces 

resistant  cg<,^s  to  hatch  when  dried  and  re-immersed,  when 
tiie\-  are  transferred  to  fi-esli  water,  or  w  Ikmi  fresh  water  is 
added  to  that  in  which  they  arc:  alreadv'  innnersed  ? 

(5)  h'or  how   loni;  a  jjcriod    after  impreL^iiation   is  a  lemale  able 

to  la\-  fertile  e^^s  ? 
(6;    I  low  many  females  can  a  single  male  imprec^iiate,  and  what 
j)ercentai;e  of  the  eL;i;s  of  an\'  one  female  will  prove  fertile 
alter  impregnation  b\-  a  single  male'^  ? 
To  these  ma\-  be   added   a   question   which    practically  belongs  to 
this  series,  but  was  only  formulated  in  res[)onsc  to  results  obtained  in 
the  conduct  of  the  experimental  work  above  outlined  : — 

(7)   To  what  extent  can  resistance  and   the   tendency  to  defer 

hatching     be      induced     by     external     conditions    after 

incubation  ? 

In  order  to  save  time,  owing  to  the   probable  death  of  some  of  the 

insects  segregated   for  trial,  most   of  the   experiments  were  started  in 

duplicate,  and  in  some  cases  bulk  experiments   dealing  with  numbers 

of  eggs  laid  in  the   general   cages   were    performed    dealing   with   the 

same  or  parallel  points  to   support  the   results   obtained    when   using 

single  females. 

It  will  be  obserxed  that  information  other  tlian  that  directly  aimed 
at  was  obtained  in  some  cases  ;  such  b\-{)roducts  are  commented  on 
when  dealing  with  the  particular  experiments  involved. 

The  experiments  dealing  with  Questions  i,  2,  3,  4  and  7  are 
included  in  this  section,  while  those  relating  to  5  and  6  are  placed  in  that 
dealing  with  the  adults.  An  addendum  to  Experiment  Xo.  XIA^I. 
(^page  123J,  showing  the  detail  of  the  number  of  eggs  laid  by  one  of 
the  females  and  their  dates  of  hatching,  is  included  with  the  experi- 
ment to  v.hich  it  belongs  in  the  adult  section,  although  the  evidence 
it  affords  is  equal  1\'  applicable  to  this. 


♦  The  act  of  copulation  is  so  rapidly  and  ap])arently   frequently  performed  that  it  was 
not  found  i)iaciical)lc  tu  limit  the  cjueslion  to  the  result  ol  u  single  jiairing. 
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Experiment   \o.    Vf. 
RKFICCT  ON    IlA'rCHlNC   Dl'    SUBMKRCII'A'CK    IN    A    SMALL  Ok 

lar(;e  (jUANTrr\  oi-  water. 

((x)  lu'.cs   Laid   i;\    a   Si\(;i.k   I'^kmaij-:. 

A  female  that  emerged  on  4th  or  5th  Octol)er  was  kej)t  in  a  cage  with 
several  males  for  two  or  three  days  ;  she  was  tlien  segregated  and  given  daily 
oi)portunities  of  feeding  on  human  blood. 

The  eggs  were  collected  each  day  and  divided  into  two  Icjts,  which  were 
placed  in  separate  glass  dishes.  These  were  then  submerged  in  the  same 
pans  as  those  used  for  Experiment  No.  V. 

All  the  eggs  were  kept  sul)merged  until  8th  January.  When  they  were 
dried,  the  single  unhatched  egg  of  Lot  i  did  not  collapse  and  was  returned  to 
the  water. 


-  Q 

1^ 

2 

is 

Dai  K    OF    HATCHINf;. 

•i 

Date  ok 

LAVING. 

OcTOIiKK. 

NOVEMIJER. 

< 

12 

I 

14 

15 

16 

17 

20 

28 

I 

3 

13 

20 

22 
2 

23 

I 

24 

I 

30 

0 

( 

7 

I 

14  per 

9  Octol)er 

(small) 

7 

(large) 

22 

2 

3 

4 

I 

3 

I 

I 

3 

13 

2 

I 

cent. 
Nil. 

Nil. 

10 

45 

(small) 

23 

(large) 

4 

2 

I 

2 

I 

I 

3 

10 

Nil. 

Remarks  and  Notes. 


I.  The  remaining  egg  subsequently  collapsed. 

The  female  disappeared  out  of  jar  on  the   12th  October.     (Either  eaten 
l)y  ants  or  escaped,  owing  to  some  meddlesome  person  lifting  the  jar.) 
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Experiment   No.    I  'II 

EFFECT    ON    HATCHIN(;   OF   SUBMERCENCE    IN    A    SMALL 

OR    LARGE    QUAXilTN'    OI     WATER. 

{b)  Eggs  laid  i'.y  mork  than  one  Eemalk. 

The  hatch  of  192  eggs  used  for  this  experiment  were  laid  in  a  cage 
containing  a  numher  of  S.  fasciata  of  both  sexes.  Ail  the  eggs  were  laid  on 
the  same  night. 

■^The  eggs  were  placed  in  small  floating  docks  with  a  silk  gauze  bottom 
and  allowed  to  sink  or  float  as  chance  determined. 

The  water  used  was  rain  water  that  had  been  exposed  to  sim  wwA  air  for 
a  week  and  then  strained  through  fine  gauze. 

Lot  A,  consisting  of  94  of  the  abr.ve  i)atch  of  eggs,  was  [)laced  in  a  single 
dock  tioating  in  a  small  pan  containing  100  cc.  of  water. 

Lot  B,  consisting  of  98  of  the  above  batch  of  eggs,  was  distributed  over 
4  docks  floating  in  a  large  pan  contaming  4,000  cc.  of  water. 


Lot  and  number  of  eggs. 

A.  (small  pan)  94  eg<^s 

B.  (large  pan)  98  eggs 


Date  of  hatching. 

October. 

November. 

22 

23 

24 

25 

25 

27 

29 

30 

■ 

2 

9 

14 

II 

27 

15 

9 

6 

3 

4 

6 

6 

I 

... 

29 

40 

1 

ID 

I 

... 

... 

I 

A.  Total  hatched  at  30th  November,  88  --  94  ]xt  cent. 

B.  „  „  „  „  84  =  86         „ 

This  experiment  had  to  be  abandoned  at  the  end  of  November  as  a  wild 
female  got  through  the  moscjuito  netting  cover  of  the  pan  containing  Lot  B 
and  oviposited  in  one  of  the  tlocks. 


*  This  method  was  adopted  in  order  to  avoid  the  expentliture  of  the  lime  reciuired  to 
sink  so  large  a  number  of  eggs,  and  also  because  of  the  essential  ditticuliies  ot  proving 
hatching  if  the  eggs  were  simply  allowed  to  scatter  in  a  large  pan.  For  lull  details  ot  the 
method  see  description  on  page  178  and  illustrations  Plate  29  and  Figure  27. 
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Experiments  Nos.  V.,  V'l.,  VII.  and  \'III.  afford  no  very  decisive 
answer  to  the  first  question.  The  most  it  is  possible  to  say  i^  that  within 
the  limits  of  the  experiment  the  smaller  quantity  of  water  raised  the 
percentage  of  mortality  and  was  possibly  responsible  for  some  delay 
in  hatching  in  Experiments  Nos.  v.,  VI.  and  VI  I., while  Experiment  No. 
VIII.  tends  to  obscure  the  issue  on  this  point.  A  very  interesting  fact 
clearly  brought  out  by  the  series  is,  however,  the  length  of  the  [jeriod 
which  may  elapse  between  the  immersion  of  the  egg  and  its  hatching 
even  when  no  dry  period  intervenes.  In  the  Experiments  No.  V.  and 
No.  VI.  periods  of  40  to  50  days  are  shown,  while  in  Experiment 
No.  VI n.  a  few  of  the  eggs  waited  4  or  5  months  before  hatching. 


Experiment  N'o.  IX.* 

EFFECT   ON    HATCHING  OF   EARLV   OR   DEFERRED   IMMERSIONS. 

(a)  Eggs  laid  by  a  single  Female. 

.A  female  that  emerged  on  the  8th  or  t)th  October  was  placed  in  a  cage  with  several  males  and  then  captured  whilst  paired.     She 

was  then  segregated  and  given  daily  opportunities  of  feeding  on  human  blood.t 
The  eggs  were  collected  each  day  (except  when  the  number  laid  was  very  small)  and  divided  into  two  lots,  one  of  which  were  at 
once  placed  in  a  floating  dock  (I)  while  the  other  (!>)  were  stored  dry  for  a  period  of  a  month  or  more.     They  were  then 
treated  in  the  same  way  as  the  other  lot. 
The  eggs  were  allowed  to  sink  or  float  as  chance  directed. 


Numbers 

^^\\\\ 
-,  (D28 

'7{   I  29 

,,  (D26 
^^i   I26 

55  1^2^ 

59  {U9 

„  (1)16 
5'1   lis 

^^{\\ 

2 

3 
4 

S 
6 

7 
S 

9 
10 

II 
14 

w 

17 

iS 
]9 

22 

23 
24 

25 
26 

27 
28 

29 
30 

31 

32 

Date  of  hatching. 

Sr-- 

OCTOBEK. 

November. 

December, 

JANU 

il 

[6 

17 

19 

20 

23 

24 

25 

26 

27 

28 

29 

30 

31 

2 

4 

S|6 

7|8 

glio 

[I 

12 

14 

15 

16 

iS 

'9 

20 

23|24 

i 

28 

30 

~ 

- 

!! 

14 

15 

5 

16 
5 

17 

,S 

- 

3 

19 
4 

I 

7 

20 

T 

3' 

t 

1 

i 

i 

! 

4 

,. 

3 
4 

13     

14 

s 

...1.  . 

' 

1 

16    „ 

1 

9 

3 

4 

9 

j 

6 

7 
8 

9 

■  1 

i 

, 

I 

14 

4 

3 

' 

1 

1 

^ 

' 

- 

3  32 

23       ,, 

30 

I 

' 

1 

I 

...1,,. 

14 

3 

12 

^ 

5 

......I... 

' 

12 

13 

' 

... 
... 

13 

1 

1 

iS 

::i:: 

I 

3  November 

... 
... 

... 

:;: 

4 

° 

Vr--- 

21 
2 

.5 

16 

'5 

I 

....    •           1    •'"i"' 

1 

1 

1     1     1 

11 

4 
■3 

3 
1 
I 

" 

10 

' 

\ 

1 

...1... 

... 

16 

21 

23 

24 

25 

26 

27 

21 

..,...,,.. 

; 

3 

... 

12 

3 

^ 

6 

27 

S  Dcc=ml.er 

i 

"f" 

::: 

1 

2 

■0 

''.'. 

...1... 

1 

29 
30 

31 
32 

-          „ 

1 

No  more  fertile 


# 


The  female  was  destroyed  by  ants  on  loth  January;  life  95  days. 

*  The  companion  experiment  to  IVo.  IX.  failed,  owing  to  the  premature  tiealh  of  the  fe.nale 

T  ii^i' l^ecord  of  feeding  and  egg  laynig  (page  34)  for  further  details. 

,  VVIien  only  a  few  eggs  were  laid  ihey  were  included  in  the  previous  or  lotloiving  batch 


Inimedidfc/y  Imiucryed  Lois. 

Soiiu-  ol  llif  ;i|)|)ai(nt  niorlMlil)'  or  inlcilililx'  aiiioitL;  tin;  iiimicdialrly 
iinmci -xd  c';j,t;s  imisl  I  )c  at  I  ril)iilc(  I  to  llic  method  ciiiploycd  ol  allowing  ihcin 
to  citluT  sink  or  swim  m  iloaliiij^  docks,  \\  liilc  coiivcmtMU  in  maii\  ways  lor 
()l)SLM\alioii  and  i-ricctinL;  a  very  \\us^v.  sa\in|;  in  time  and  Iai)oiir,  tiiis  system 
is  not  without  its  drawl »a<ks.  (^hief  among  these  tliere  is  the  fact  that,  after 
a  lew  weeks'  immersion  it  hi-eomes  impossible  to  follow  up  all  the  eggs 
indivitlually,  owing  to  the  wood  and  gau/e  forming  the  d(j(ks  httcoming 
discoloured,  while  some  of  the  eggs  get  washed  into  crevices  at  the  junetion 
of  the  wootl  and  gau/e. 

The  rusting  of  the  tins  used  (in  the  absence  of  glass  j)ans)  was  the  cause 
of  much  discolouration.  I'here  may  also  have  been  a  few  actual  losses  owing 
to  the  gau/e  bottom  of  tin;  docks  rotting  or  fraying  through  with  th(*  lapse  of 
time. 

The  (locks  containing  the  immediately  immersed  lots  were  taken  Ircjui  the 
water  and  dried  in  secjuence  between  the  loth  November  and  the  7th  January 
in  order  to  make  room  for  those  containing  the  later  lots — the  same  water 
being  used  throughout.  They  were  subse(|uently  returned  to  the  water,  but  it 
will  be  noted  that  only  in  the  case  of  I.ots  Nos.  8  and  16  did  eggs  hatch  after 
re-immersion. 

Lots  in  ivJiich  Immersion  was  Deferred. 
No.     1.     5  eggs  showed  signs  of  collapse  within  three  days  of  drying. 

^^'         3*  3  )>  5»  5J  J5  11  11  11 

JNO.       5-        2        ,,  ,,  ,,  ,,  ,,  ,,  ,) 

i\o.     7"  2     ,,         ,,  ,,  ,,  ,,  ,)  ,, 

No     9.  (No  record). 

No.  II.  4  eggs  showed  signs  of  collapse  within  three  days  of  drying. 

INO.  13-  4     11  11  11  )>  11  11  11 

INO.    15-       5       '>  11  11  ?'  "  "  " 

INO.    17-       4       j>  11  11  11  11  11  11 


(No  record). 


On    the    14th    December,    Lots    Nos.   i,    3,    5,    7,    9,    11,  and    13   were 
examined  : — 


No. 

I. 

31 

eggsp 

rest 

No. 

-^ 

o- 

24 

>j 

No. 

5- 

16 

11 

No. 

7- 

29 

11 

No. 

9- 

3^ 

5? 

No. 

1 1. 

28 

11 

No. 

13- 

26 

11 

only  partially  examined  ;  23  were  full. 
,,  „  ,,         ;  no  collapsed  seen. 

;  8  collapsed. 
;  4         11 

All  these  seven  lots  were  placed  in  floating  docks  on  the  i-^th  Decejnber. 
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On    the    lytli   January    lA)h.    Nos.    15,    17,    19,    21,    23,    25,    27   and   21;   v^'cre 
examined  :  — 

26  eggs  pre.-jent ;  all  but  15  more  or  less  collapsed. 


No. 

AS- 

26 

No. 

17. 

8 

No. 

19. 

i.S 

No. 

21. 

M 

No. 

23- 

16 

No. 

2,S- 

9 

No. 

27- 

4 

No. 

29. 

5 

4 

6 

5 

13 

1 

2 

2 

All  these  eight  lots  were  placed  in  floating  docks  on  the  19th  January. 

Unfortunately,  the  term  "collapsed"  was  applied,  during  the  early  course 
of  the  experiment,  to  all  eggs  that  showed  marked  signs  of  shrinkage,  it  being 
at  that  time  considered  that  this  was  a  certain  forerunner  of  complete  collapse, 
and  that  such  eggs  were  infertile.  Subse(iuent  experience  proved  that  this 
was  not  necessarily  the  case,  as  it  was  observed  that  partially  collapsed  eggs, 
when  wetted  may  either  hatch  at  once  or  recover  their  full  rotundity  and 
hatch  later  on. 

The  loss  in  numbers  of  Lots  Nos.  17,  21,  and  23  can  only  be  accounted 
for  on  the  assumption  that  they  had  been  destroyed  and  eaten  by  Psocidce, 
which  had  managed  to  get  through  the  close  fitting  lids  of  the  boxes  in  which  the 
eggs  were  kept.  These  enemies  had  only  penetrated  into  the  boxes  in  which 
these  three  lots  were  kept. 


Feeding  (on  Blood),  and  Ec.g-Lavixg  of  Stegomyia  fasciata. 
Record  of  female  used  in  Experiment  No.  IX. 


Date  of  feeding 

Number  of 

Remarks  re  feediiiij. 

Date  of  feeding 

Number  of 

Remarks  rt-  feeding. 

and  egg-layin;;. 

eggs  laid. 

and  egg-laying. 

eggs  laid. 

12  October     ... 

62 

Did  not  feed. 

17   November... 

Fed. 

13 

48 

Fed. 

IS 

>> 

14 

»> 

20           „ 

... 

5> 

16         „ 

31 

)  > 

21 

31 

5» 

19 

59 

>  J 

26 

7 

>  » 

20         „ 

9 ) 

27 

II 

Did  not  feed. 

11 

75 

«) 

28           „         ... 

Fed  slightly. 

24 

j> 

I    Decern l)er ... 

Fed. 

26         „ 

55 

t  > 

3 

,, 

27 

2 

^  J 

4 

Bit,    drew    very 

28 

>  J 

little  (if  any) 

29 

>  1 

blood. 

3Q         

32 

1  > 

8          „         ... 

47 

Fed. 

31     ^    ,. 

1 1 

9  December... 

I 

1  > 

I   November... 

5» 

10 

II 

» J 

2 

7 

Did  not  feed. 

12 

46 

»» 

3 

48 

»>          1 » 

14 

... 

Bit. 

4 

>>          » ) 

18 

32 

Fed. 

5 

Fed. 

19 

... 

Fed  slightly. 

6          „         ... 

Fed  slightly. 

22 

»»           >» 

8          „         ... 

47 

Fed. 

23 

Did  not  feed. 

9           V 
11 

2 

>  1 
Did  not  feed. 

As  only  infertile  eggs  \\ 

ere  being  laid,  a 

12 

.     28 

Fed. 

male  was  put  in  jar  with  th 

e  female. 

16 

39 

>) 

35 


Record  of  ft' via l('  u^cd  in   Kxftrime.nt  Xo,  IX. — continued. 


Date  of  feed  inn 
uiid  ctiS-layiiig. 

NiinjlwTof 
eggs  laid. 

Remarks  /^  feeding. 

Date  of  feediiit; 
aridftgg-luying. 

NuiIllKTof 

eggs  laid. 

Remarks  ;v  feeding. 

24  December... 

I 

I'od  slif^litly. 

7   j;iiiu;iry 

7 

Did    not   feed. 

25 

» »           » » 

9      "              M 

... 

26          

Hit. 

27          

20 

Fc<I. 

As  the  male  added  on  the  2.3rd   December 

2S 

, , 

had  died  two  fresh  ones  were  added. 

29             

2 

Hil. 

.>o 

Fe.i. 

10  January 

... 

Fed  heavdy. 

I    Jami.uv 

5 

Hit. 

II 

16 

3          > » 

3 

Ivd  slitjhtly. 

'       The  female  disappeared  although  hoth  the 

4 

4 

»1                      >5 

males  remained  in  the  jar.    I  can  only  account 

5 

. .  ■ 

Fed. 

for  this  by  su|)posin{T  that  ants  found  their 

6 

... 

Fed  slii;htly. 

way  in  and  carried  off  the  female  piecemeal. 

10-  to  15-minutc  opportunities  of  feeding  on  blood  were  afforded  every 
night,  but  the  dates  on  which  egg-laying  or  feeding  took  i)lace  alone  are 
recorded. 

The  last  fertile  egg  was  laid  on  the  12th  December — 63  days  after  separ- 
ation from  the  males;  at  this  time  712  eggs  had  been  laid  in  22  days. 
Allowing  that  eggs,  when  laid  on  following  days,  belong  to  the  same  batch 
(using  this  term  to  mean  the  ripe  contents  of  the  ovaries),  this  gives  1 5  batches 
of  eggs  within  the  fertile  period. 

The  total  number  of  eggs  laid  was  798,  the  last  87  being  divided  into  6 
separate  batches  laid  with  intervals  of  more  than  a  day  between  them. 

The  males  introduced  on  the  23rd  December  and  9th  January  did  not 
effect  the  fertilization  of  the  eggs  laid  subsequently.  During  the  period  the 
males  were  with  her,  the  female  had  the  choice  of  feeding  on  honey  as  well 
as  blood. 

There  is  little  doubt  but  that  ants  were  responsible  for  the  disappearance, 
as  occasions  in  which  legs,  wings  and  other  remains  were  left  behind,  as  well 
as  one  instance  when  they  were  caught  in  the  act,  occurred  during  the  course 
of  the  experiments.  At  the  same  time,  I  am  disposed  to  consider  that  the 
female  was  nearly,  if  not  quite,  spent.  It  is  possible,  however,  that  if  a  chance 
of  pairing  had  been  given  to  her  late  in  November,  when  signs  of  waning 
fertility  at  first  began  to  show,  that  many  of  the  late  laid  eggs  might  have 
proved  fertile. 


The  evidence  afforded  by  this  experiment  is,  in  a  general  sense,  a 
sufficiently  clear  answer  in  the  affirmative  to  Question  (2),  and  the 
second  portion  of  the  question  therefore  falls. 

In  utilizing  the  evidence  afforded  b}'  this  experiment  relating  to 
the  effect  of  immediate  or  deferred  immersion  (Question  (3)),  some 
preliminar)'  precautions  are  necessary.  Lots  17,  21  and  23  should  be 
left  out  of  account,  as  the  ravages  of  book  lice  among  the  stored 
eggs  not  onl\'  reduced  the  numbers,  but  very  probably,  as  their  habit 
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is,  perforated  others  and  killctl  the  larvie,  leaving'  the  shells  intact. 
It  will  be  better  also  to  exclude  all  the  batches  subsequent  to  26,  as 
the  ^^eneral  infertility  of  the  December-laid  e^^^s  is  ver)-  obvious. 

Taking    Lots    1    to    16,    19/20    and    25/26,    we    find    that    of    the 
immersed   eggs    199,   =   82   [jer  cent.,  hatched   out   of  244,  while  of 
those    stored    dry    for    a    month    or    more    before    immersion     173 
=  72  per  cent.,  hatched  out  of  242,  the  [period  of  dry  storage  being 
apparently  responsible  for   10  per  cent,  mortality. 

Two  batches,  however,  laid  on  the  19th  and  23rd  of  October, 
require  special  attention  in  this  connection.  The  eggs  were 
deposited  on  wet  wood  (fragments  of  willow  chi[)  boxes)  in  place 
of  the  usual  filter  paper.  It  will  be  observed  that  the  percentage 
hatching  in  these  batches  is  high,  S6  per  cent,  and  91  par  cent., 
while  they  afford  the  only  instance  in  which  the  stored  eggs  show 
a  lower  mortality  than  the  portion  of  batch  immersed  immediately 
after  laying.  From  this  it  would  appear  that  the  material  on  which 
the  eggs  rest  may  be  a  factor  in  their  survival  during  periods  of 
drought,  a  conclusion  which  fits  in  with  the  facts  already  noted 
in  the  introductory  remarks  {str  page  19)  regarding  the  recover)- 
of  shape  by  shrunken  eggs. 


'  * 


Experiment  No.  X. 

EFFECT  ON  HATCHING  OF  EARLY  OR  DEFERRED 

LMMERSION. 

{b)  Eggs  laid  i:v  mork  th.\n  one  Female. 

144  eggs  were  laid  on  the  night  of  the  Sth-Qth  October  on  filter  paper  in  a 
cage  containing  numbers  of  S.  Jasciata  of  both  sexes. 

These  were  divided  into  two  lots— ^,  66  eggs,  which  were  immersed  on 
the  9th  October,  and  7?,  78  eggs,  which  were  allowed  to  slowly  dry  and  then 
stored  in  the  animal  house  until  the  17th  November,  when  they  were 
iriimersed,  39  days  after  laying. 


♦In  this  and  the  following  experiments,  as  well  as  in  other  cases  where  eggs  were  stored 
dry,  wobdlice  and  small  insects,  such  as  ants  and  Psocidcv,  easily  L;ained  entrance  to  the 
eggs  in  paper  envelopes,  and,  with  the  exception  of  the  larger  woodlice,  to  the  wire 
gauze  tubes  as  well.  Psocicice  even  penetrated  into  entomological  boxes  unless  the  lids 
fitted  very  tightly. 

The  surface  of  the  hlter  paper  on  which  the  eggs  were  laid  was  often  gnawed  oft  m 
patches  and  numbers  of  eggs  had  disippeared.  No  evidence  that  either  ants  or  woodlice 
intentionally  destroy  eggs  was  obtained,  but,  on  the  other  hand,  there  is  defmite  proof 
that  Psoiuif  do  so.     See  account  under   "Enemies,"  page  59,  Experiment  No.  XXII. 


Z7 


Lot  a. 


00  cjii-s 
hiiil   oil    tlu- 

S— 0  ( )(:tt)l)i  r 


I) 

\  1 1-.  <ii- 

HA  1  I  III.S(.. 

J 

OcTOUIiK.  , 

12 

'3 

14 

i8 

J9 

20 

3 

20 

II 

I 

2 

I 

NUMIIUK  Ol' 

Kc;f;s    WHICH    '  V\.\<- 

HA  re  IIKIJ     I'KIOK        CKN'IAtiK. 
TU   STOKACii:. 
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On  tlic  7th  X()\enil)cr,  ;i(tci  29  days'  immersion,  Lot  .7  was  taken  from 
ihr  waliM-  and  ^loicd  (li\'  in  llu-  l,al)Oiatory  until  tlic  22nd  January  (76  days). 
An  fxaniinalion  showed  3  lull  and  16  shrunken  egj^s,  the  remainder  having 
collapsed  ;  the  eggs  were  then  transferred  to  the  iuos(|uito  house  and  j)Iaeed 
under  shelter.  They  were  finally  immersed  on  the  29th  April  after  173  days' 
storage  without    water.      None  hatched,  and  dissection    showed  that  all    tlie 


unhalched  eggs  were  dead. 


Lot  B. 


Was  examined  on  the  17th  November  after  39  days'  storage  ;  9  of  the  eggs 
had  collapsed.  The  lot  was  then  immersed  in  water.  After  3  days  none  of 
the  eggs  having  hatched,  the  pan  was  placed  in  the  ice  chest,  the  temperature 
of  the  water  falling  within  2  hours  from  81"  F.  to  73"  L.  ;  7  eggs  hatched 
while  in  the  ice  chest.  The  pan  was  then  kept  at  Laboratory  temperature 
until  the  4th  January. 


78  eggs 

laid  on  the 

night, 

8 — 9  (October 


Date  ok  hatching. 


November. 


20 

22 

23 

7 

28 

6 

Decembek, 


21 


nu.mukk  of 
E(;gs   which 

HATCHED 
AFTER STOKAGE. 


42 


Percentage. 
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On  the  4th  January,  after  48  days'  immersion,  the  lot  was  removed  from 
the  water,  dried,  and  stored  in  the  mosquito  house  under  cover  until  the 
29th  of  April,  when  it  was  again  immersed.  None  of  the  eggs  hatched,  and 
dissection  proved  that  all  were  dead. 


Experiment  No.  XI. 


EFFECT  ON  HATCHING  OF  EARLY  OR  DEFERRED 

IMMERSION. 

{b)  Eggs  laid  p.y  more  than  one  Female. 

493  ^ggs  were  laid  between  the  ioth-i4th  October  on  filter  paper  in  a 
cage  containing  numbers  of  S.  fasciata  of  both  sexes.  These  were  divided 
into  two  lots — A,  197  eggs,  which  were  immersed  on  the  14th  October,  and 
B^  196  eggs,  which  were  slowly  dried  and  then  stored  in  the  animal  house 
until  the  4th  January,  they  were  then  immersed  82  days  after  laying. 


3« 


Lar  A, 


Datk  ov 

HAlCHiNO. 

NuMBfcK  Ut-   tOOb 

WHICH    HAICHKU 

CRllik    TO 

bTUKAGE. 

U 

OcT.-i:Kr<. 

20 

Pick- 

CENTAUe 

"  -> 

1 

' 

18 

»97  '^iig=>  lait-l 
ID  —  1  J  (  ).f(i!i^r  ... 

30 

28 

61 

5 

9 

4 

U7 

70 

On  ihc  7th  November,  after  24  days'  immersion,  Lot  A  was  taken  from 
the  water  and  stored  dry  in  the  laboratory  until  the  22nd  January  (76  days). 
An  examination  showed  8  full  and  24  shrunken  unhatched  eggs,  the  balance 
having  collapsed  ;  the  eggs  were  then  transferred  to  the  moscjuito  house  and 
placed  under  shelter.  Tney  were  finally  immersed  on  the  29th  April  after 
173  days'  storage.  After  14  days'  immersion,  during  which  period  they  were 
twice  cooled,  the  unhatched  eggs  were  dissected.  One  living  iarva  was 
extracted,  the  remainder  were  dead. 

Lot  B. 

Was  examined  on  the  4th  January  after  ^^2  days  ;  very  many  of  the  eggs 
were  shrunken  or  collapsed.  'Lhey  were  first  put  into  a  saturated  atmosphere, 
and  after  24  hours  wetted  by  sprinkling  and  finally  immersed  ;  4  hatched 
within  2  hours. 


Date  of  hatching. 

Number  uf  eggs 

WHICH 

HATCHED    after 

STORAGE. 

January. 

Per- 
centage. 

4 

5 

6 

7 

10 

14 

15 

16 

17 

190  eggs  laid 

10  —  14  October. 

Immersed  4  January 

4 

17 

I 

2 

I 

3 

18 

2 

51 

26 

They  were  dried  on  the  26th  January  and  stored  in  ihe  moscjuito  house, 
under  shelter,  until  the  29th  April,  and  were  then  again  immersed  after  93  days' 
storage.  None  of  the  eggs  hatched,  and  dissection  proved  them  to  be  all 
dead. 

Experi)iient  N'o.  XII. 

EFFECT  ON  HATCHING  OF  EARLY  OR   DEFERRED 

IMMERSION. 


{h)  Eggs  laid  \\\  more  than  one  Female. 

517  eggs  were  laid  between  the  1 4th- 1 6th  October  on  filter  paper  in  a 
cage  containing  numbers  of  6".  fasciata  of  both  sexes.  These  were  divided 
into  two  lots,  A,  254  eggs,  which  were  immersed  on  the  i6th  October,  and  j5, 
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263  t'ggs,  whicli  wcif  (Iric.l,  i)la(  ( d  iii  a  wire  gauze  tube  and  suspended  in  the 
covriid  i)it  ill  tlic  in()M|iiit()  house  iii'til  tin;  iSth  November,  33  days  after 
laying. 

I, or  yl. 


254  c«K^  ':'i»l 
14  -  16  (  )(iol)(r 


Daik 

OK   HATCIirNi;. 

OCTOBKR. 

'7 

iS 

^9 

20 

21 

I 

:   70 

^^7 

27 

17 

NuMHKK  ()'.'  kc;gs 

WHICH    IIATCHKD  PkK- 

I'KIOK    K)  CKNTAUK. 

STOKACE. 


On  the  7th  November,  after  22  days'  immersion,  Lot  A  was  dried  and  then 
stored  in  the  Laboratory  until  tlie  22nd  January  (76  days).  An  examination 
bliOwed  22  full  and  22  shrunken  unhatched  eggs,  the  balance  having  collapsed  : 
tlie  eggs  were  transferred  to  the  mosquito  house  and  stored  under  shelter. 
They  were  then  immersed  again  on  the  29th  April  after  173  days'  storage. 
Om'  hatched  on  the  6th  May  and  one  on  the  12th,  both  in  response  to 
cooling ;  but  the  larvae  died  within  a  few  hours  of  hatching.  The  remaining 
unhatched  eggs  were  dissected;  2  were  found  to  contain  living  larvae,  the 
remainder  were  dead. 

Lot  B, 

Was  examined  on  i8th  November;  it  was  found  that  the  paper  cover  to 
the  wire  gauze  tube  was  saturated  with  moisture,  while  the  filter  paper  on 
which  the  eggs  were  laid  was  damp.  20  eggs  had  hatched  owing  to  drops  of 
water  precipitated  on  the  wire  gauze  having  flooded  single  eggs  or  small 
groups  of  eggs;  13  eggs  had  collapsed;  the  remainder  were  immersed  33 
days  aftei  laying. 


Date  of  hatching. 

Number   of 

eggs  which 

hatched 

after 

STORAGE, 

Percentage 

NOVEMBEK, 

Dece.mbek. 

(JF 

unhatched 

Survivors 

18 

20 

22 

23 

24 

29 

4 

9 

12 

18 

EGGS    AT    DATE 
OF  IMMERSION, 

of  263 

eggs  laid 

14-16  October 

35 

15 

82 

19 

6 

3 

I 

I 

I 

I 

164 

68 

A  few  of  the  eggs  hatched  within  3  minutes  of  their  immersion,  18  larvae 
were  out  within  one  hour  and  35  within  three  hours.  None  hatched  on  the  1 9th. 
On  the  20th  November  the  pan  was  placed  in  the  ice  chest ;  in  two  hours 
the  temperature  of  the  water  fell  from  80'  F.  to  73°  F.,  15  hatched  ;  the  pan 
was  then  kept  at  Laboratory  temperature  until  3rd  IJecember,  when  it  was 
placed  in  an  incul)ator  at  97°  F.  for  two  hours.  Owing  to  an  accident  icS 
unhatched  eggs  were  lost.  On  the  4th  January  Lot  />  was  diied  and  stored 
under  shelter  in  the  mostjuito  house  until  29th  April,  when  it  was  again 
immersed.  No  larv?e  emerged,  and  dissection  showed  that  all  the  unhatched 
eggs  were  dead. 
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Experiment  No.   XII J. 

EFFECT  C)\   HATCHIXG  ui    hARI.V  DR   DEFKRRIl) 

IMMFRSKJN. 

(b)  Eggs  laid  hv  more   ihan  one  Female. 

580  eggs  were  laid  between  the  i6th  and  19th  October,  on  liltcr  ixipcr,  in 
a  cage  containing  numbers  of  Ste^omyia  fasciata  of  both  sexes.  These  were 
divided  ittto  two  lots,  A^  275  eggs,  which  were  immersed  on  the  19th 
October,  and  B,  305  eggs,  which  were  dried,  placed  in  a  wire  gauze  lube, 
wrapped  in  paper,  and  placed  under  dead  leaves  in  the  mos(|iiii(j  house. 

Lot  a. 


Date  ok  hatching. 

NCMBER  OK  EGGS 

WHICH   HATCHED 

I'KUJk    TO 

STOKAGE. 

OCTOBEk. 

NoVEMBEK. 

Pek. 

CENTACiE. 

19 

20 

21       22 

23 

2 

3 

4 

6 

275  t^l^'k'^  laid 
16—19  October. 

16 

92 

47      iS 

j 
i 

26 

I 

I 

I 

4 

206 

75 

On  the  17th  November,  after  19  days'  immersion.  Lot  A  was  dried  and 
stored  in  the  Laboratory  until  the  22nd  January  (76  days).  An  examination 
showed  13  full  and  16  shrunken  eggs — the  remainder  of  the  unhatched  eggs 
having  collapsed.  The  eggs  were  transferred  to  the  moscjuito  house  and 
stored  under  shelter  till  the  29th  April,  when  they  were  again  immersed  after 
173  days'  storage. 

On  the  2nd  May,  i  hatched  and  died  shortly  after  emerging. 
„      ,,    4th    May,  3       ,,         one  of  which  died. 
„      „    6th   May,  i        „         199  days  after  laying. 
J)issection  showed  the  remaining  eggs  to  be  dead. 

Lot  B. 

Was  examined  on  the  9th  March,  after  141  days'  storage  ;  the  paper 
covering  of  the  tube  had  been  mostly  eaten  off — woodlice  and  millipedes  were 
present  on  the  outside  of  the  tube,  ants  and  Psocidcc  in  the  interior.  One  of 
the  four  slips  on  which  the  eggs  had  been  laid  was  taken  out,  the  tube  was 
recovered  with  paper  and  replaced  under  the  leaves.  Only  27  eggs  were 
found  on  the  slip  in  place  of  the  50  originally  laid  on  it.  Of  these  by  far  the 
larger  number  had  already  hatched,  probably  during  heavy  and  prolonged 
rain  in  November  or  December;  2  eggs  were  full,  18  had  hatched,  and  7  had 
collapsed  more  or  less  completely.  This  portion  of  Lot  B  was  immersed  on 
the  gth  of  ^Larch  and  on  two  occasions  between  this  date  and  the  20th  of  the 
same  month,  the  paper  with  the  eggs  on  it  was  lifted  and  cooled  by  exposure 
to  draught. 

I  hatched  on  the  20th — 152  dnys  after  laying  ;  a  male  was  bred. 

I         ,,  ,,        24th — this  larva  died  shortly  after  emergence. 

I         ,,  ,,        30th — this  lar\a  was  dead  when  found. 

All  the  remainder  proved  to  be  dead  when  opened. 
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Oil  ihc  2  1  St  April,  after  6  monllis'  stora^^c,  tin;  rc-iiiainin<,'  t,  slips  of  \.(>i  Jl 
were  examined  iiiul  then  immersed  : 

I  iKitclud  when  cuolfd  on  lyA  Apiil,  i  .S6  da)  s  alu-r  laying. 

I         ,,  ,,  ,,        lor  llu-  sc'coiul  time,  on  iIh-  jytli  April,  and  died 

shortly  afli-r  i-mrrging. 
I   iKilclicd  when  cooK'd  lor  the  third  time,  on  the    i  2lh   May,  205  days 
alter  layinij;. 
01'  the  ^^05  ii^i^s  storc-d,  27  were  found  on  tin-  slip   takt;n    out   ow    the    9lh 
March,  and  122  on  thr  ^:;  slips  cxnmincd  on  the  2isl   April  :   in   all    119   eggs. 
Of  these,  43  had  more  or  less   coinpK-lely  collapsed  ;   9   retained    thc:ir  shape 
and  97  had  hatched  while  stored.      9  eggs  hatched. 

Tlu'sc  c\[)criinciits  (Exi^erimcnls  X.  to  XIII.),  while  affording 
iiitcrcstini;-  i;ciicral  information  rclatini;  to  Oucstion  (3),  fail  to  give 
a  decisive  answer  to  that  portion  of  it  wliich  concerns  a  possible 
l)roportional  relation  between  mortality  and  period  of  storage.  This 
is  due  to  the  destruction  by  Psociche  (book  lice)  of  large  numbers  of  tlie 
stored  eggs  in  some  of  the  experiments,  and  sufficiently  numerous 
attacks  in  the  case  of  others  to  throw  doubt  on  the  validity  of  the 
results.  Such  a  heavy  reduction  of  numbers  was  not  foreseen,  and  in 
any  case  would  have  been  difficult  to  guard  against  without  entirely 
militating  against  natural  conditions,  as  it  would  have  been  necessary 
to  enclose  the  eggs  in  tubes  or  boxes  with  all  but  air-tight  lids. 
Unfortunately,  the  cause  of  the  reduction  was  not  recognised  until 
a  late  stage  of  the  work,  otherwise  a  careful  examination  of  the  stored 
eggs  in  Experiments  Nos.  X.  and  XI.  might  have  allowed  of  some 
definite  proportional  results  being  arrived  at.  The  excess  in 
mortality,  after  39  days'  storage,  of  Lot  B  in  Experiment  No.  X., 
is  only  3  per  cent.,  which,  in  view  of  the  foregoing  explanation,  is 
probably  devoid  of  significance. 

In  Experiment  No.  XL  the  excess  in  mortality  amounts  to 
40  per  cent.,  which  may  be  partly  attributable  to  the  lengthened 
period  of  storage,  but  in  any  case  a  very  considerable  allowance 
must  be  made  for  the  destruction  of  eggs  by  these  small  enemies. 

Experiment  No.  XI I.  was  designed  to  contrast  with  No.  X.,  the 
stored  eggs  being  kept  under  very  humid  conditions.  If  allowance 
be  made  for  a  difference  in  the  constitution  of  the  eggs  used,  as 
shown  by  the  different  percentages  which  hatched  of  the  unstored 
eggs  in  the  two  experiments,  it  would  appear  that  storage  under 
humid  conditions,  for  the  short  period  involved,  affords  no  advantage. 

Experiment  No.  XIII.  Although  such  an  extensive  destruction 
of  the  stored  eggs  was  disappointing,  still  a  larger  wastage  than 
ill  tlie  other  experiments  was  to  be  expected,  both  on  account  of  the 
longer   period    of  time   involved   and    also   because  the  conditions  of 


42 

storage  rendered  the  eggs  not  only  more  liable  to  the  attacks  of  other 
insects  but  to  be  washed  away  by  heavy  rains  as  well.  The  reduced 
numbers  are  so  small  that  but  little  reliance  can  be  placed  on  any 
conclusion  concerning  these  hatchings,  more  especially  as  it  is 
uncertain  to  what  extent  the  collapsing  resulted  from  the  attacks  of 
book  lice  or  from  natural  causes,  if  only  the  a[j[jarentlys(jund  eggs  are 
considered,  the  result  shows  that  6  eggs  out  of  9  hatched  fc-tr  66  [jer 
cent.).  This  is  probably  far  too  high  for  a  general  survival  rate  under 
the  conditions  in  the  light  of  general  experience,  as  apart  from  actual 
experiment,  which  suggests  that  long  storage  is  certainly  responsible 
for  an  increased  mortality,  apart  from  the  attacks  of  enemies. 

The  Effect  of  Changes  of  Teuiperatiirc. 

The  possibility  of  changes  of  temperature  affecting  the  hatching  of 
eggs  was  recognised  at  an  earl\'  stage  of  the  research.  Ihe 
preliminary  trials  which  formed  the  basis  for  Question  (4)  suggested 
that  a  rapid  fall  of  a  few  degrees  Fahr.  acted  as  a  stimulus  to  induce 
the  hatching  of  resting  or  resistant  egf>s,  whereas  an  equivalent  rise 
had  little,  if  any,  influence 

The  following  experiments  were  then  carried  out,  two  plans 
being  employed.  In  the  first,  which  relates  to  cold  only,  eggs  of 
nian\'  different  stocks  and  layings  which  proved  to  be  resistant 
under  previous  long  continued  immersion  or  repeated  dryings  and 
wettings,  were  cooled  by  one  or  other  of  the  following  methods: — 
(i)   By  exposing  the  dry  eggs  to  rain  on  a  cool  day. 

(2)  By    placing    the    pans  of  water    in    which  the  eggs  were 

immersed  in  an  ice  chest. 

(3)  By   lifting   the  filter  paper  on    which   the  eggs  were  lying 

from  the  pan  of  water  and  exposing  it  to  rapid  evaporation 
in  a  strong  draught  of  dr\'  air. 

It  is  to  be  noted  that  in  (2)  and  (3)  the  eggs  had  been  kept 
immersed  for  several  days  before  the  trial,  so  that  the  larvae  had  had 
opportunity  of  emerging  right  up  to  the  time  of  the  test.  On  tiic 
other  hand,  in  method  (i)  the  eggs,  though  already  proved  to  be 
resistant,  had  been  kept  dry  for  a  longer  or  shorter  time  before  the  trial. 

In  the  second  plan  a  large  batch  of  eggs  laid  between  the 
23rd  November  and  7th  December  in  a  cage  containing  a  number  of 
.S".  fisciata  was  emplo)'ed.  One  portion  was  stored  dr\'  while  the 
other  was  immersed  until  all  the  eggs  ready  to  hatch  had  done  so. 

The  resistant  eggs,  which  did  not  respond  within  a  period  of 
17  days'  immersion,  were  divided,  one  portion  being  submitted  to  a 
rapid  rise  of  temperature  by  placing  the   pan   containing   them  in  an 
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inculjalor  at  (;5     ^'^    while   llic  pan   t:nnl,iiinn'^    the    olhci-  poi  lion  was 
transferred  to  the  ice  chest. 

The  siil)sr([uenl  liistors'  of  all  the  ei^L^s  that  proved  resistant  U> 
these  conditions  was,  so  far  as  possible,  follower]  up. 

I'lAprrimeiil   Xo.   A  /  I '. 

I'd  fixr  ()!•  cooidxc;  on  kicsist. wr  ia'.c.^  ov 

\  AKIOUS   JiA'rCHI':S. 

(l)     ]\\     I'l.ACINC.     IN     RAIN    ON    A    COOI,,   WKI'      DAY    (2M)     DiCCKM  l;KK,     1 9 1 4 ). 

AlliT  rrinainini;  in  liic  rain  for  about  lliirly  minutes  the  eggs  were 
placed  in  rain  water  and  left  out  of  doors  for  an  hour.  ('I'he  fall  of  the 
dry  bulb  o(  the  hygrometer  was  less  marked  than  that  of  tlu.-  wet  bulb  on 
the  2nd  December,   19 14). 


Reference  to  Date 

source  from  which  when  the 

the  eggs  were  eggs  were 
taken.  laid. 


S.  fasiiala  :  — 
Exp.  No.  II., 

No.  7 


Kxp.  No.  II.,  12      ,, 

No.  10 

Exp.  No.  II.,       I   13      „ 
No.  II 

Exp.  No.  II.,  14      ,, 

No.  12 
FroDi  Fertility  Experiinetit 
H.  II '     3  Nov. 


Nuniljer 
of  eggs 
in  the 
original 
batch  as 
laid. 


Nuin1)er 
which 

hatched 
witliin 

4  hours. 


B.  III.... 


H.  III.... 


B    IV.... 


C.  I. 


C.  VII. 


5  (>ct.  37 

4 
18 

31 
35 

84 
80 

II      ,,  28 

7      ,,  30 

13      ,,  16 


2      ,, 


Xunilicr 
whicli 

hatched 
within 

20  hours. 


Notes  regarding  the 

previous  history  of  the  resistant 

eggs  or  the  hatches  of  which 

they  formed  part. 


This  batch  of  c^gs  had  been 
immersed  for  34  days  before 
drying,  l)ut  none  of  the  eggs 
hatched. 

Immersed  lor  27  days  before  dry- 
ing.    No  larvoe  had  emerged. 

Immersed  for  26  days  before  dry- 
ing.    Onb'  I  larva  had  emerged. 

Immersed  for  25  days  before  dry- 
ing.    No  larvK  had  emerged. 

Only  4  larvie  emerged  during  the 
period  of  immersion  after  laying, 
the  resistant  eggs  had  been  dried 
and  immersed  several  times  with- 
out effect. 

47  larvae  emerged  within  4  days  of 
laying ;  the  resistant  eggs  had  been 
dried  and  re-immersed  on  several 
occasions  without  effect. 

65  larvae  emerged  within  4  days  of 
laying,  and  the  resistant  eggs  had 
been  dried  and  immersed  several 
times  without  effect. 

13  larvae  emerged  within  4  days  of 
laying,  and  the  resistant  eggs  had 
been  dried  and  re-immersed  3  or 
4  times  without  effect. 

3  larvae  emerged  within  6  days  of 
laying;  the  resistant  eggs  had  been 
dried  and  re-immersed  several 
times  without  eftect. 

No  larviv  had  emerged  within  10 
days  of  laying,  and  the  whole 
batch  had  been  dried  and  re- 
immersed  3  or  4  limes  without 
result. 
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Experiment  No.  XV. 

EFFECT    OF    COOLINO    ON    RESISTANT    E(;(iS    OF 
VARIOUS    BAICHES. 

(2)     Hv    PLACING    THE    PANS  OK  WATER    IN    WHICH    THE    E(.(jS    WERE    IMMERSED 

IN    AN    ICE    CHEST. 

Fall  of  Temperature  from  81    F.  to  73"  F.     Time  in  ice  chest,  about  2  hours. 


Reference 

to  source  from 

which  the  egi^s 

were   taken. 

Number 

Number 

Number 

Number 

Date 

when  eggs 
were  laid. 

in  the 
original 

batch 
as  laid. 

which 
hatched 

within 
3  hours. 

3 

which 

hatched 

within 

20  hours. 

which 

hatched 

within 

44  hours. 

Notes  with  regard  to  the  previous 

history  of  the  resistant  egg!>  submitted 

to  the  test. 

S.  sugens 

27  Oct. 

20 

After  several  wettin^^s  an»l  dryings 

had  rcnuiinctl  immersed  for  6  days 

without  uny  liatching. 

S.  fasciaia  : — 

Exp.  Xo.  X.  ... 

8/9  Oct. 

70 

7 

28 

The  whole  hatch  had  been  kept 
dry  for  39  days  before  it  was  im- 
mersed. None  of  the  egys  hatched 
in  the  3  days  that  elapsed  between 
immersion  and  cooling. 

Exp.  No.   XII. 

li/MOct. 

263 

15 

82 

The  whole  batch  was  kept  dry 
for  'i^T^  days  Ijefore  its  immersion. 
35  larviv  emerged  within  3  hours 
of  the  eggs  being  placed  in  water, 
but  none  hatched  on  the  following 
day.  On  the  third  day  after  im- 
mersion the  water  was  cooletl. 

Exp.  No.  II., 

24  Sept. 

32 

2 

... 

After    4    periods     of    drying     and 

No.  4 

wetting  which  followed  the  hrst 
immersion  the  resistant  eggs  had 
been  immersed  for  several  days 
prior  to  cooling. 

Exp.  No.  II., 

18  Oct. 

18 

... 

After  the  first  period  of  immersion 

No.   13 

the  resistant  eggs  were  dried  ; 
they  hatl  been  again  immersed  for 
several  days  l)efore  cooling  took 
place.     No  effect. 

From  teytility  E 

xpt'riment . 

— 

B.III 

14  Nov. 

84 

Batch  was  immersed  for  first  time 
on  i8th  Nov.  when  27  hatched ;  on 
the  19th  31  hatched;  none  on  the 
20th  ;  cooled  on  2 1st.     No  effect. 

B.  IV 

8  Nov. 

5 

I 

Immersed  for  4  days  prior  to  cooling. 

C.  I 

10  Nov. 

31 

6 

2 

jj            "           »»           >> 

C.  I 

13  Nov. 

18 

I 

M                         4                         5  >                        J» 

C.  I 

16  Nov. 

!>! 

I 

>  >                          I                          >  »                        5> 

CIV 

13  Nov. 

45 

8 

10 

>»           4           >'          >> 

C.  V 

15  Nov. 

28 

2 

J  >           I           ?j          »» 

45 


J'lxf'criinnit  N<k   A  / '/. 

loi'i-i'Cr  oi    cool. IXC  ()\   Ri:sisi"A\  r  icccs  oi' 
NAkious  i',\rciii:s. 

(3)     W\     iJi'TiNc.    riiK    K[i;n',R    papkr    on    wuicii    iiik    kggs    wkkk    r>YiNc; 

lUOM  THK  WATKR  AND  IIXPOSINC.  TO  A  STRONd  DRAUGHT  WHICN  THK 
HARMATPAN  WAS  HI.OWING  (2(StH  DeCEMBKR),  THE  E(;GS  I5EING  RE- 
IMMi;RSi;D    IN    THIC    SAME    WATER    BEFORE    THEY    WERE    DRV. 


Keference  to 

source  from  wl.ich 

the  egs-^ 

were  taken. 

Date 
when 

thee(i;:.^s 
w  ere 
laid. 

Number 
of  esRs 

in  the 
orii^inal 

l)atch 
as  laid. 

Number 
whicli 

hatched 
within 

I  hour. 

Notes  relating  to  the  previous  history  of 
the  eggs  used. 

^9.  fauiata : — 

Exp.  No.  1 1., No.  4 

2  \  Sept. 

32 

Used  in  Cooling  Experiment,  No.    XV. 

,,         No.  10 

12  Oct. 

4 

... 

No.  XIV. 

,,         No.  II 

13     M 

18 

2 

No.  XIV. 

,,         No.  12 

14     ,, 

31 

I 

No.  XIV. 

No.  14 

19    ,, 

16 

I 

A  resistant  batch,  see  notes  to  Exp.  No.  II., 
No.  14. 

No.  15 

21     ,, 

23 

... 

A  resistant  liatch,  see  notes  to  Exp.  N(;.  II., 
No.  15. 

From  Fertility  E. 

Kpcrinien 

t  :— 

A.  11 

27  Oct. 

9 

2 

Resisted  long  immersion  and  several  dryings. 

B.  II 

3  Nov. 

35 

Used  in  Cooling  Experiment,   No.  XI\'. 

H.  Ill 

5    ,, 

80 

»5                            55                            J»                                         ?J 

H.  Ill 

2   ,, 

84 

J  J                            55                            55                                         55 

H.  IV 

II    ,, 

28 

I 

55                           55                            55                                         55 

C.  I 

7   M 

30 

) 5                            5  5                            5  5                                         55 

C.I 

29   ,, 

21 

I 

Resisted  a  iong  period  of  immersion. 

C.  I 

3  Dec. 

23 

1 

Resisted   long   immersion  ;  2  hatched   when 
cooled  on  24th  December. 

C.  VII 

1 3  Nov. 

,      16 

2 

Used  in  Cooling  Experiment  No.  XI\'. 

C  XIX 

3  I>ec. 

47 

I 

Resisted  20  days'  immersion. 

46 

Experipneni  No.  XVII. 

EFFECT  OF  CHANGES  OllEMPERATURK  OX    I  111    IIAK  HINC 
OF  ECGS  OF  STEGOMYIA    FASCIATA. 

The  eggs  used  were  laid  on  wet  filter  paper  in  a  cage  containing 
numbers  of  adults,  between  the  dates  23rd  November  and  the  7th 
December.  The  batch  contained  approximately  1,300  eggs*.  About  600 
of  these  (Lot  B)  were  dried  and  stored  dry  from  the  7th  December 
until  24th  March  (107)  days.  The  other  portion  (Lot  A),  about  700 
eggs,  were  at  once  immersed  in  water  without  the  filter  paper  on  which 
they  were  laid  being  allowed  to  dry. 

138  eggs  (about  20  per  cent.)  hatched  between  7th  December  and  the 
r3th;  the  batch  was,  however,  kept  immersed  until  the  24th  December, 
although  no  more  larvae  emerged. 


Details  of 

Hatching. 

Lot  a. 

December. 

NuMBEK 

UK  EGGS 

WHICH 

HATCHED. 

Pkk- 

7 

8 

9 

10 

II 

12 

13 

CE.NTAGE. 

About  700 

eggs  laid 

23r(l  Noveml)er 

to 
7th  December... 

S 

69 

42 

1 1 

3 

4 

I 

138 

about  20 

Lot  A  was  then  divided  into  two  portions  :  A\,  containing  about  420  eggs 
and  shells  ;  Ai^  containing  about  250.  A\  was  i)laced  in  a  pan  with  a 
portion  of  the  water  in  which  they  h:ul  been  immersed  since  the 
commencement  of  the  experiment,  and  placed  in  an  ice  chest  for  90 
minutes — the  temperature  of  the  water  falling  from  80""  F.  to  74"  F.  The 
smaller  lot,  .42,  was  treated  similarly  as  regards  transfer,  but  the  pan  was 
placed  in  an  incubator  for  the  same  period  of  time — the  temperature  of 
the  water  rising  from  80'  F.  to  95"  Y.     Kggs  hatched  as  under  ; — 

Alt  '*  Cooled,"  within  i.\  hours    ...  ...  ...  ...    102 

,,       2^       ,,   when  the  temperature  had 


^1 
02 

24 


risen  again  to  So    F. 


Total 


107  =  about  25   per 
ii—  cent. 


*  The  diffic\ilties  of  counting  large  numbers  of  these  small  eggs  is  consideraljle.  Laid 
in  scattered  but  closely  approximating  groups,  the  individual  eggs  are  often  in  contact ; 
accuracy  in  counting  was  only  possible  at  an  expenditure  of  time  which  was  not  available 
without  sacrifice  in  other  directions. 

■^    12  larvi^  from  each  Lot,  A\  and  --^2,  were  reared  under  precisely  similar  comlitions  : — 
Of  the   "Heated,"     7  attained  m.iturity  ;     mortality  41    per  cent. 
„       "Cooled,"    II         „  „         ;  ,.  8         „ 
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A2*  ''  I  Icati'd  "'  witliiii   i .',  lioiirs    ...           ...           ...           ...  2 

„        2.^,      ,,       wlu'ii     llic     tLMiipcratiirc 

had  again  fallen  to  80'  1''.  6 

h       26 


24 


6 


/J 


Tfjtal  ...      40  =  about  16   per 
cent. 

On    tlie  day  following   the    first    test,   both   pans    were    put    into  the    ice 
chest    for   2^    hours  ;    the     temperature    of    the    water    fell    from    80"    V.    to 
".  ;   eii^s    hatched  as  follows  :— - 

Ai   "Cooled,'"  within  2},  hours      ...  ...  ...  ...        2 

2  days  after  ...  ...  ...        i 


.■i2  "  Heated,"  within  2}  hours      ...  ...  ...  ...      13 

5  days  after  ...  ...  ...        i 

7  days  after  ...  ...  ...        i 

15 

Adding  these  figures  to  those  previously  obtained,  we  find  that  104 
resistant  eggs  hatched  in  response  to  cooling — about  25  per  cent,  of 
the  original  Lot  Ai  ;  of  those  submitted  to  heat  only  two  actually 
emerged  in  response  to  the  rise  of  temperature,  about  i  per  cent,  of 
the  original  Lot  A2,  but  that  53  hatched  in  response  to  falls  of 
temperature  subsequent  to  heating — about  2 1  per  cent.  This  would  seem 
to  indicate  that  the  temperatures  employed  had  little,  if  any,  effect,  the 
actual  stimulus  being  in  both  cases  cooling  in  relation  to  the  previous 
condition. 

On  the  4th  January  Lots  Ai  and  A2  were  lifted  from  the  water 
and  stored  dry  with  Lot  B  until  the  24th  March  (79  days).  An  examination 
of  all  three  lots  on  that  date  showed  that  the  number  of  eggs  or  shells 
in  each  lot  had  been  reduced  by  10  to  15  per  cent.,  either  owing  to 
eggs  becoming  detached  from  the  paper  on  which  they  were  laid  or, 
as   I    think,    from    the    depredations    of   Psocidce. 

The  three  lots  were  immersed  in  separate  pans  on  the  24th  March, 
cooling  in  an  ice  chest  being  resorted  to  as  opportunity  occurred.  The 
dates  on  which  cooling  took  place  are  indicated  by  an  asterisk.  The 
fall  in  temperature  of  the  water,  which  placing  in  the  ice  chest  caused, 
was  generally  about  6°  or  8°  V. 

On  the  19th  April  the  experiment  had  to  be  closed,  owing  to  an 
accident. 

At  this  point  the  influence  of  cooling  is,  however,  sufficiently  obvious 
for  all  practical  purposes,  although  its  effect  differs  in  detail  as  regards 
Batch  A  {\  and  2)  on  the  one  hand,  and  Batch  B  on  the  other,  probably 

*    12  laiv:e  from  each  lot,  .7i  and  A2^  were  rearcl  under  precisely  similar  conditions  : — - 
Of  the  "  Heated."  7  attained  maturity  ;    mortality  41   per  cent. 
„       "  Cooled,"  II  „  „  ;  »  i^         t, 
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because  the  Ic.vs  resistant  eggs  had  not  heen   weeded  out  ol   ilic   latter  t»ai(  h 
i'V    iiiiiii.  r  ^iiiii   prior  to  storing. 

DaTKS    Oh     HATCHlNti    OF     IaH    B    AM*     IHK    liAI.ANCK    OK     I  HI      KKSISTANT 

EGGS  OF  Lots  //i  and  A2. 


March. 


April. 


O" 

11 

121 

13 

14  15 

10 

7 

3 

41 

1  _' 

S      • 

16 

4 

23 

.5 

32 

22 

.  3 

5 

3 

2 

6  3 
'  3 
4      5 


*  On  the  loth  April  the  eggs  hatched  within  i  hour  of  the  comntencement'cA  the  cooling. 
t  The  second  cooling  on  the  1 2th  April  was  slight,  the  fall  being  only  '^'  or  4'  F..  hut  it 
was  long  continued,  lasting  5  hours. 

X  The  third  cooling  on  the  iSth  April  was  for  i  hour,  the  fall  Iteing  from  85    F.  to  74^  F. 

The  final  figures,  although  only  approximate,  are  worth  consideration. 
Of  Batch  A,  20  per  cent,  hatched  on  first  immersion.  Of  the  cooled  resistant 
eggs(^i),  27  per  cent,  had  hatched  before  they  were  dried  and  stored;  22 
per  cent,  hatched  subsequently,  or,  altogether,  49  per  cent.  Of  the  heated 
resistant  eggs  (^-^2),  22  per  cent,  hatched  before  and  22  [)er  cent,  after  drying 
and  storing  ;  altogether  44  per  cent. 

The  total  number  of  Batch  ./  which  hatclied  is  therefore  64  per  cent., 
while  of  Batch  B  41  per  cent,  hatched  u})  to  the  time  of  the  accident. 

Of  the  totals,  36  per  cent,  of  A  had  hatched  in  response  to  lowered 
temperature,  and  of  B,  9  per  cent. 


The  evidence  afforded  by  these  experiments  seems  fairh'  con- 
clusive testimony  that  "  cooling  "  is  an  important  stiinulus  to  hatching, 
and  most  probably  is  the  effective  factor  when  eggs  are  dried  and 
re-immeised,  or  when  fresh  water  is  added  to  the  pan  containing 
the  eggs. 

It  is  to  be  noted  that  there  is  an  iiuderl\'ing  constitutional 
variability  which  withholds  some  of  the  eggs  from  hatching  in 
spite  of  the  stimulus.  This  appears  to  be  of  a  zone-like  character  ; 
that  is  to  say,  repetition  of  the  stin^ulus  at  short  intervals  is  less 
effective  than  if  it  is  again  applied  after  a  greater  lapse  of  time. 

A  further  complexity  arises  from  the  fact  that  the  zone-like 
character  of  this  constitutional  resistance  to  stiniiili,  together  with 
the  resting  habit  as  a  ivhole,  ma}'  be  suspended,  with  the  exception 
of  a  small  percentage  of  eggs,  if  certain  conditions  prevail  at  or 
about  the  period  of  incubatit)n. 
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'VUr  rxpfriniciU  (\o.  Will.  pcMf*  )i-iin'(l  to  t.-lucidatc  Oucstioii  (/) 
wjis  ()iil\'  planned  and  canird  llnoiiL;]!  al  a  late  sta^c  of  the  research 
when  time  did  not  pernn"!  ol  il  s  repetition.  The  evidence  it  affords 
i^.  lio\\cvei\  so  delinili'  and  eonehisixc,  with  regard  to  tlu;  deter- 
nnnini;  powers  of  dron;_;hl  oi-  luiiniditx  (suhsecjuent  to  inciibaticjiij 
either  to  brini;'  tlu-  ri-stini;  h  ihil  into  action  or  to  allow  it  to  remain 
latent,  thai  the  oid\-  point  ri-maiin'iiL^  to  bc!  soKed  would  seem  to  be 
wliether  the  effect  is  invariable  and  n-Jales  to  all  ei;<;s  laid  or  if  it 
is  occasional  onl\',  relating;  possi]:)Iy  to  a  seasonal  clianLje  in  the 
constitution  of  the  cg^s.  An  answer  on  this  last  point  would  rc(|uirc 
a  series  of  e\[)criments  carried  out  at,  sa}',  montlily  intervals  and 
continued   o\er  <i   pericjd   of   iS   months  to   2  years. 


Experiment  No.  XVIII. 

IMPORTANCE  OF  DRV  OR  HUMID  CONDI'l'IONS  AS 
FACTORS  IN  INDUCING  THF:  IMMEDIATI-:  OR 
DFFKRRFD     HATCHINO     OF     EGGS. 

A  pan  of  water  with  two  strips  of  filter  paper,  one  end  of  which  dipped 
into  ih?  water,  while  the  other  hung  over  the  rim,  was  placed  in  a  cage 
where  females  of  S.  fasciata  were  laying  freely.  Over  400  eggs  were 
deposited  on  the  filter  paper  during  the  night  of  the  loth  April.  The  pan, 
with  the  eggs  undisturbed,  was  then  placed  in  a  moisl  chamber  (saturated 
atmosphere)  for  50  hours  to  allow  the  eggs  to  incubate.  A  few  of  the  eggs 
that  were  exactly  on  the  water  level  or  partly  sul)merged,  hatched. 

The  unhatched  eggs  were  then  divided  into  lots,  one  of  which,  T>ot  ^, 
containing" ig2  eggs,  was  immediately  immersed  in  a  pan  of  water.  189  of 
thj  eggs  hatched  within  30  minutes.  The  3  resistant  ones,  which  were  short, 
stumpy  eggs,  were  kept  immersed  for  10  days  :  they  were  then  dried  and 
partly  collapsed.  They  were  again  immersed  for  another  20  days  and  then 
dissjcted.  Two  contained  dead  larvie  and  from  the  other  a  living  larva  was 
extracted. 

The  other  portion  of  the  batch,  Lot  B,  containing  193  eggs,  was  allowed 
to  dry  on  the  bench.  Hy  the  next  day  the  number  had  bjen  reduced  to  168, 
owing  to  the  attacks  of  Psocidcc  (a  species  belonging  to  the  genus  Clothilla). 
Of  this  168,  43  were  more  or  less  collapsed.  (To  a  gi eater  or  less  extent  this 
collapsing  may  have  been  due  to  the  Psocidtc  perforating  the  eggs.) 

I  -ot  /)'  was  divided  into  : — 

/)i.    ('ontaining  86  eggs  (15  of  which  were  more  or  less  collapsed). 
These  were  inmiersed  after  24  hours'  drying. 

Bi.    Containing  S2  eggs  (28  of  which  were   more  or   less  collapsed). 
These  were  immersed  after  7  days'  drying. 

The  i)ans  containing  /)i  and  B2   were  kept  together  and  treated  exactly 
alike  as  regards  '•cooling."' 
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Results. 


Bi, — 86  eggs,    15  of  vvhi*  h  were   more  or  less  shrunken,  were  immersed 
atter  24  hours'  drying  on  the  14th  April. 


1  i 

>9 

HATCHING. 

Total 

WHICH 
HATCHELt. 

WHICH 
HATCHED. 

Lot  Bi. 

Ahsu.. 

Mav. 

June. 

15 
18 

28 
12 

12 

4 

19 

20 
I 

21 

5 
I 

ID 
2 

II 

8 

12 

I 

14 
1 1 

16 

4 

18 

5 

19 

5 

Immersed 
14th  A[.iil  ... 

72 

84 

Remaining  eggs  dissected  21st  June  and  found  to  be  dead. 


B2. — 82  eggs,  28  of  which  were   more  or  less  shrunken,  were-    inuiiersed 
after  7  days'  drying  on  the  20th  April. 


Date 

OF 

HATCHINC;. 

T.MAL 

WHICH 

HAICHKI). 

Pek- 

CEN lACK 

WHICH 
HA  ICHEL). 

Lor  B2. 

April. 

May. 

June. 

21 
35 

28 

I  2 

19 
I 

20 

21 

2 

5 

10 

II 

6 

12 

14 

16 

18 

i9 

Immersed 
20th  April ... 

44 

54 

The  remaining  eggs  and  eggshells  of  Lot  B2  were  counted  and  carefully 
examined  on  the  5th  July  : — 
59  had  uncapped, 
3  had  colla[)sed, 

8  apparently    sound     eggs    were    dissected  : — 6   contained    livi/ig 
larvie,  i  a  dead  larva,  i  was  infertile. 
The  remaining  more  or  less  shrunken  eggs  contained  dead  larv:^. 
The  only  feasible   way   of  accounting   for  the  discrepancy    between    the 
larval  record  and  the  shells  is  to  suppose  that,  although  a  number  of  the  eggs 
uncapped,  the  larvi\3  failed  to  get  free,  a  by  no  means  unusual  occurrence,  but 
the  number  (15)  in  this  instance,   is  rather  high,  in  relation  to  the  size  of  the 
batch. 

Remarks  and  Notes. 

On  the  28th  April  antl  the  12th,  19th  and  20th  ^Lay,  the  pans  containing 
the  eggs  were  placed  in  an  ice  chest,  the  temperature  of  the  water  falling 
about  10^  F. 

On  the  20th  May,  after  the  cooling,  both  lots  were  dried  : — 
Of  7>i,     31  eggs  retained  their  full  shape. 
»    ^2,      II  „  „  „ 

Both  lots  were  again  immersed  and  [)ut  out  of  doors  for  the  night  to  cool 
the  water. 
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();i  the  ;^r(l  liiiii'  l)()tli  lots  were  again  driiHl : — 

(  )!'   /)'i,      V  ^'1414^  retained  their  full  sliaj)!'. 
„     />/,      "i.^     ""      •. 
Holh  lots  were  ai^ain  immersed. 

On  the  5th  lunc  and  lollowiiig  days  ihc  pans  were  j)la(:  •(!  oiU  of  doors 
earh  evi-ning  so  thai  the  water  might  be  eoolcd  at  nigiit. 

Kxf'erinuH/  No.    \  J \  . 

AC.rrAlloN   (>l      Till.    WA'l'I'.R    A.^  A    lAC'i'OK    IN    1 1 A  I  CI  i  1  NAi.* 

Mileiiell  (kjo;)  stales  tluil  Duprec:  found  agitation  to  be  a  faclor  '\\\  the 
iialehing  of  ova  of  s|)eeies  of  niosiiiiitoes  other  tiian  Anopheles.,  which  deposit 
their  eggs  singly.!  It  was  noticed  that  distmbance  of  water  in  which  eggs 
were  placed  was  coincident  with  the  appearance  of  newly  hatched  larvie  of 
\.  fdsddfd,  but  the  phenomenon,  being  only  of  occasional  occurrence,  was 
rejected  as  a  cause  of  hatching,  in  favour  of  the  view  that  the  agitation 
nierelv  made  larva-  thai  had  bctii  recently  hatched  show  themselves,  trial 
stirrings  giving  no  consisleiU  results.  Upon  reading  Mitchell's  statement,  the 
folk)wing  e\j)eriments  were  carri<'(i   out  : 

A  batch  of  eggs  laid  4  or  5  weeks  ])reviously,  which  had  been 
dry  for  3  weeks,  was  placed  in  water  temperature  about  73'  1''. 
150  to  200  hatched  witliin  a  few  minutes,  and  by  next  morning  50 
to  70  more  larvic  were  out.  After  an  interval  of  6  or  8  luvars, 
during  which  none  of  the  remaining  eggs  hatched,  the  water  was 
agitated  bv  shaking,  i  larvae  emerged  and  died.  After  a  period  of 
zo  hours,  during  which  no  more  eggs  hatched,  the  water  was  again 
agitated  by  a  violent  shaking.  None  of  the  eggs  hatched.  After 
28  hours  the  water  containing  the  eggs  was  placed  out  of  doors  to 
trv  the  effect  of  cooling — none  of  the  eggs  hatched. 

*  Experiments  now  in  progress  show  thai  the  contamination  of  water  in  wliich  the  egj^s 
are  lyini;  lias  a  marked  efVect  on  their  hatching.  'I\so  trials  performed  since  the  MSS.  went 
to  press  will  serve  to  illustrate  this  clearly. 

Into  each  of  two  glass  j^ans,  containing  lOO  cc.  of  tap  water  at  65  to  70  F.,  wa>  i)laced 
one  half  of  a  slip  of  paper  with  upwards  of  400  eggs  of  S.  fasii<i(a  on  it,  there  were  approx- 
imately 200  eggs  in  each  pan.  To  one  pan  'A]  was  added  3  cc.  of  water  from  a  beaker 
which  had  been  allowed  to  incubate  at  97  V.  U^x  48  hours  with  a  fragment  of  human  fivces 
in  it.  This  water  was  thick  and  brown  with  the  characteristic  smell.  To  the  other  pan  (/>') 
nothing  was  added. 

After  4  hours  14  larv:e  had  emerged  in  pan  A,  none  in  B. 
,,  20  ,,  127  ,,  were  swimming  ,,  A,2iV\d6  ,,  B. 
,,_  70       „     136      „         ,,  .,  „         A,    .,  42  „   />'. 

The  cxjieriuient  was  repeated,  using  fresh  horse  dung  in  place  of  human  f;vces. 

No  ]aiv;e  emerged  in  \W.  first  hour. 

Alter  iS  hours  1^8  larv;e  had  emerged  from  the  eggs  in  pan  .-/  contaminated  water)  and 
1  I  in  pan  />'  itaji  water  only. 

3  cc.  of  the  manure  water  was  then  added  to  ]ian  />.  After  18  hours  159  larv;e  had' 
emerged,  the  stage  of  their  growth  suggesting  that  they  had  emerged  within  an  hour  or  tw-o 
of  the  addition  of  the  manure  water, 

Furiher  and  more  exact  experiments  with  sterilized  eggs  and  fluics  are  now  being  carried 
on  by  Dr.  K.  E.  Alkin  and  myself.  These,  while  supporting  the  above  tes's,  suggest  that 
the  results  are  due  to  bacterial  action.  I'nder  certain  ct)nditions  eggs  will  not  hatch  while 
the  fluid  in  which  they  are  immersed  remains  sterile,  but  the  infection  of  the  fluid  with 
bacteria  causes  the  laiv;e  to  emerge  within  a  few  hours. 

t  "Mos(juit(>  Life''  (Page  26}.  Kveiyn  (liocsbetck   Miichell.      (>     I'.    I'utnam  .S:   Sons, 
New   \ork  and   London,   1907. 
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Time  clia  iiut  ikiiuil  ui  ihe  cxp'-^Tiuiciu  bcm-  t«>ilu\\r«l  further.  A  second 
tiul  was  made  with  a  lurjj;e  butt  1 1  of  eggs  laid  4  months  previously.  'Ihe 
batch  was  divided  into  two  portions  ;  both  lots  were  immersed  in  Ijcakers 
containing  200  cc.  of  water.  Hundreds  of  larvit  emerged  within  a  few 
hours.  After  24  hours  had  elapsed,  hatching  had  declined  to  a  minimum 
and  6  hours  later,  no  larvit  having  emerged  in  either  beaker,  one  of  them 
was  vigorously  shaken  while  the  other  was  placed  out  of  doors  for  the 
night.  Next  morning  8  larvie  had  emerged  from  the  eggs  in  the  cooled 
beaker  ;  none  had  emerged  in  the  one  which  had  been  shaken.  I'he  shaking 
and  cooling  were  repeated  48  hours  later,  but  none  of  the  eggs  hatched, 
and  a  later  repetition  wa^  aLso   ineffectual  in  both  cases. 

Time  did  not  permit  of  the  experiment  being  carried  further.  'I'hese  trials 
cannot  be  considered  as  conclusive,  but  they  suggest,  if  Experiments  Nos. 
XIV.  to  XVL  are  also  taken  into  account,  that  agitation,  if  a  stimulus  to 
hatching,  is  less  effectual  in  compelling  larvie  within  the  eggs,  which  have 
not  yet  reached  their  hatching  zone  or  [)eriocl,   U)  emerge,  ttian  ((joling. 


E.xperiment  Xo.  XX. 

EXPERIMENTS      RELATING      TO       THE       PEKIOD       DUKIXC; 
WHICH       THE        E(;GS        OF       STEGOMYIA       FASCIATA 

Ri-TAix    THi:iR    \rr.\iir\     w'lii'.x    oii'    or    \\'.\ti:r. 

The  eggs  laid  on  a  filter  pai)cr  or  fallen  leaves  ot  the  coltonwood 
tree  were  placed  in  wire  gauze  tubes  or  })a})er  envelopes.  In  some  cases,  after 
the  paper  enveU^pes  were  placed  in  wire  gauze  tubes,  these  were  again  co.ered 
with  paper  in  an  attempt  to  exclude  small  predatory  insects,  such  as  ants, 
which  could  get  through  the  mesh  of  the  wire  gauze.  In  spite  of  all  pre- 
cautions, however,  the  intended  comparative  statistical  form  of  the  experiments 
was  vitiated  owing  to  the  ravages  of  one  of  the  Psocidie  (book  lice),  a  species 
belonging  to  the  genus  Clothilla.  In  many  cases  only  a  few  out  of  hundreds 
of  eggs  stored  remained  to  be  tested,  while  in  experiments  where  the 
destruction  was  less  obvious  it  was  impossible  to  form  any  estimate  of  the 
percentage  cf  mortality  due  to  long  storage,  apart  from  the  attacks  of  these 
insidious  little  foes.  As  a  consecjuence,  the  experiments  only  afford  evidence 
of  the  period  during  which  the  eggs  remain  viable  under  various  conditions, 
anil  not  of  the  percentage  which  survive. 

The  tests  were  designed  to  fall  into  two  Sections:  yA)  in  which  the  egg> 
were  exposed  to  the  weather,  and  (/>)  where  they  were  under  cover.  This 
plan  had  to  be  modified,  however,  to  pievent  the  loss  of  eggs  due  to  their 
being  washed  away  by  heavy  rain,  or  to  their  hatching  in  small  accumula- 
tions of  water  on  the  leaves  or  pa|)er  on  which  they  rested. 

During  the  dry  season  the  tubes  containing  the  eggs  in  Section  ./  were 
not  sheltered  from  sun  or  rain.  An  examination  early  in  March  showed  that 
where  paper  coverings  were  used  they  had  been  eaten  into  holes  by  snails  and 
millipedes,  while  both  ants  and  Isocidic  had  penetrated  into  the  envelopes 
containing  the  eggs.  In  cases  where  no  envelopes  or  paper  coverings  to  the 
tubes  had  been  used,  manv  of  the  eggs  had  either  fallen  off  or  had  been 
washed  off  by  late  rains,  and  in  a  number  of  cases  eggs  had  hatched.  With 
the  oncoming  of  the  rains  further  instances  of  eggs  hatching  ^-)n  wetted  paper 


0(M-urrL'il,  .m<l   il  \\;is  IouikI  ncci-ssaiy  to  comt  the  eggs  with  iiucrtcd  tins   t(j 
guard  against  hntht-r  llocxhng. 

In  a  \c\\  inslaiicfs  onlv  was  il  ]).)>sihlc  to  loUow  ii|)  separately  the 
larv;\i  which  hatched  iVoin  (hiTeiiiii  hatches.  \\  lien-  tune  (hd  not  jjcrniit  of 
this  llicy  wen-  turned  into  a  common  l)ree(hng  panjrom  wliich  large  numbers 
of  ni)rmal  athilts  were  reared.  'I'he  tests  deaHng  willi  the  viahihty  of  the 
eggs  were  carried  out  in  the  >>ame  |)hices  as  those  deahng  with  tiie  lengtli 
ol  aduh  hh'.  ('halts  givitig  ciir\es  of  tem|)erature  and  liumidily  for  these 
situations  will  he  found,  with  short  (lescrij)tive  notes,  in  the  Ivxperimental 
Scries  No.  XXX\  .,  on  pages  64  and  92  l(j    101. 

Skci-i()N  yl. 

Pen   ill    Hospital  Coinpound. 

l\i;gs  laid  on  leaves  and  filler  paper,  not  j)la(\'d  in  envelopes  and  tuhc  not 
covered  with  paj)er  -only  a  few  eggs  remained  to  he  tested  : — 

Hatch  1.      I , aid  during  December  :  imnnnsed  i8thjune.      i  hatched 
wiiiun  24  hours,  two  or  three  others  emerged  within   the   next 
two  or  three  days  ;  one  of  these  died  in   its  first  skin  shortly 
after  emergence. 
I'i/a/ifv  re f (lined  for  170  fo  180  days. 

Uatch  2. — Laid  during  December,  immersed  i8th  June,      i  hatched 
on  tlie  1 8th,  i  on  the  itjlh,  i  on  the  20th  and  1  on  the  21st. 

I'italitv  retained  for   170   to   180  days. 

One  of  the  larvai  pupated  on  the  6th  day  after  immersion  ;  a  male  and  a 
female  emerged  on  the  8th  day.  Other  specimens  emerged  later  ;  the  last  to 
emerge  was  a  male  which  took  1 1  days. 

Eggs  laid  during  January,  on  filter  paper  and  placed  in  an  envelope 
were  also  immer.sed  on  the  i8ih  June,  but  failed  to  hatch. 

Under  Pen  in  yard  at  26,  ]]^estmo?-e/and  Street. 

Laid  on  leaves  and  filter  paper,  not  placed  in  an  envelope  and  the  tube 
not  covered  with  paper  until  commencement  of  the  rains  : — 

Hatch    I. — Laid  during   December,  immersed  20th  June.      2   hatched 
on  the  day  after  immersion  ;    i  larva  died  withui  an  hour  or  two  ; 
three  or  four  were  hatched  within  tlie  next  few  days. 
I'ita/ity  retained  for  775   to   180  days. 

Hatch  2.— Laid  during  December;  immersed  23rd  June.  None 
hatched  on  the  day  of  immersion,  but  several  on  the  succeeding 
days. 

Vitality  retained  for  175  to   180  days. 

Two  males  and  one  female  emerged  within  7  days  of  the  immersion  of 
the  eggs  and  two  females  on  the  8th  day. 

Batch    3.  —  I'>ggs    laid    during    January,    on    filter    paper     placed     in 
an  envelope  which  was  ke])t  in  a   paper-covered  tube.     Only  36 
out  of  several   hundred  eggs   remained.      Immersed    23rd  June  ; 
7  hatched  next  day,  7  on  the  second  and  2  on  the  third  day. 
Vitality  retained  for  145   to   150  days. 
Development  of  larvae  not  recorded. 
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On   UroiiHil  in   Mou/iiitu   ilotiae. 

Laid  during  December  on  leaves  and  filter  pajxrr,  not  placed  in  an 
envelope  and  the  tuhe  not  covered  witii  [)ai)er  until  the  coniniencenient 
ot  the  rains. 

Immersed  13th  Jul\  ;  one  hatched  the  following  day;  no  more  emerged 
during  the  week   that   the   trial   wiis  continued. 

Vitality  retained  fur    [95   to   200  days. 

Kggs   laid  on   filter   paper   and    [)laced   in   an  envelope    which    was    kept 
in  a   paper  covered  tube: — 
Immersed   13th  July. 

I    hatched   within    24   hours. 
^  aS 

4-" ") 

Vitality  retained  for   165   to   170  days. 

Eggs  laid  during  December  on  filter  paper  and  [placed  in  en\elo[)es. 
but  not  placed  in   tubes  or  again   covered  with  pa[)er  : — 

(i)  A  batch  of  eggs  laid  during  December  on  filter  [):iper  was  [)laced 
in  water  for  24  hours  and  the  eggs  which  did  not  hatch  were 
dried  and  stored. 

Immersed  20th  July. 

I    hatched   within    2    hours. 

7  »  »»      4^ 

M  M  /   -  SJ 

Vitality  retained  for   200  days. 

(2)  Laid  during   December  on  filter  paper  and  stored  in  an  envelope 

without  previous  immersion. 
Immersed   20th  July. 

53  hatched  within    2    hours,  7    larvfAD  died   within   a   few  h.ours   of 

hatching. 
165  ,,  „      24       ,,     ,  1 2  larv:^^  died  within  a  lew  hours  ot" 

hatching. 
52  ,,  ,,      4^^       M     :.  4  larvi\i  died  within  a  few  hours  of 

hatching. 

2  ,,  „     120 

/  italitx  retained  for  2co  da]  s. 

(3)  Laid  during   December  on  filter  paper  and  stored   in  an   emclope 

without  previous  immersion. 
Immersed   20th  Jul\-. 

20  hatched  within   2    hours. 
6  ;  M       24     ,, 

Vitality  retained  for  200  days. 
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Sfxtion  B. 

-^A'A'-^'   S/(>r(</  in    /'if  in   (lie  Most/in'/o  Jfouse. 

Laid  (luriiii;  I)r(rml)rr  on  leaves  and  filu  r  paper,  not  placed  in  envelope, 
tul)i'  uncovered  :-- 

Immersed    <ilh   July. 

(i)    1    hatched   within   an   hour. 
I'ifa/ifv  retained  for    uSy   days. 

(2)   Laid    7lh   to    141I1    Deeeniher. 
Immersed   e.lh   July. 

I    hatched   within   an    hour. 

4  ,.  ,,       24   hours. 

I'itaiitv  retained  for  204   days. 

Laid  on  lilter  paper  during  January,  placed  in  an  envelope  which  was 
kept   in  a   paper  covered  tube. 

Innnersed  6th  July,   but  failed   to   hatch. 

l\iigs  laid  on  filter  paper  and  kept  in  paj^er  envelopes  in  the  animal  house 
until  31st  December,  then  stored  in  the  mosquito  house  pit  : — 
(i)   Laid  20/23  October.     Immersed  21st  May. 

About  one  dozen  eggs  of  full  and  sound  appearance  remained. 
2   hatched  within  2  hours. 
I        ,,  after  17  days'  immersion, 

c  ^o 

Mfality  7-etained  210  days. 

(2)  Laid  24/26  October.       Immersed  6th  July. 

Only  6  eggs  of  full  and  sound  appearance  remained  out  of 
about  100  stored  :  there  were  many  collapsed  eggs,  and  signs 
of  attack  by  Psocidcc  were  evident.  None  of  the  eggs  hatched 
during  a  period  of  10  days'  immersion.  On  dissection,  i  li\ing 
larva  and  2  dead  ones  were  extracted,  the  other  3  eggs  collapsed 
while  in  the  water. 
Vitality  retained  260  days. 

(3)  Laid  during  November.      Immersed  25th  July. 

I  hatched  within  48  hours. 
I        „  „         6  days. 

Vitality  retained  240  days. 

Eggs  laid  on  filter  paper  and  kept  in  paper  envelopes  in  the  animal  house 
until  31st  December,  then  ])]aced  on  ground  in  mosquito  house  under  an 
inverted  tin  : — 

Laid  29th  October — 5th  November.     Immersed  14th  July. 
I  hatched  within  24  hours. 
Mtaiity  retained  250  days. 

No  more  hatched  during  10  days'  immersion.  On  dissection  a  number 
of  eggs  were  found  to  contain  dead  larva3. 

A   tin   containing  leaves    and   filter   paper  on   which    eggs  had  been  laid 
during  January  was  left  open  on  the  Laboratory  bench  from  January  until  the 
end  of  June  ;  it  was  then  filled  with  water — 11  adults  were  reared. 
Vitality  retained  for  140  days. 
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An  attempt  was  made  to  test  tlu-  effect  of  exposure  to  the  sun  on  egj^s 
laid  in  tins  And  on  leaves  lying  in  tnis.  I'hey  were  placeil  on  the  ground 
under  a  wire  gauze  pen  in  a  part  of  the  hospital  compound  which  received 
full  i^unlight  trom  lo  a.m.  to  4  p.m.  'Ihe  eggs  were  laid  in  l>cceuiher  antl 
the  exposure  iDnimeiK  ed  on  the  31st  cf  that  month,  but  the  experiment 
came  to  an  untimely  end  in  January  owing  to  the  curiosity  of  the  son  (aged  5) 
of  a  German  prisoner  (his  mother  was  a  patient  in  the  H<ispital). 

A  second  attempt  vas  made  after  his  departure  in  February.  Three  tins 
and  a  glass  jar  in  whi(  h  eggs  had  been  laid  during  January,  either  on  the 
sides  or  on  dead  leaves  contained  in  diem,  were  exposed.  Water  was  pcjured 
into  these  receptacles  on  the  5th  June. 

Eggs  hatched  in  one  of  the  tins  only,  and  several  Stei^^omyia  Jasciala  were 
reared  by  the  middle  of  June. 

VlAlilLITV    OF    EtIGS    OF    SrEC.OMYIA     FASCIATA    L.XID    IN    Si  IK  I' A     I   KONK 

AND    rROUC.HT    TO    ENGLAND. 

Eggs  from  all  these  batches  had  been  tested  from  time  to  time  in  Freetown 
and  viability  had  been  proved  for  from  4  to  6  months. 

Laid  20th  to  23rd  Oct.,  1914.   Immersed  ist  Sept.,  1915.   Failed  to  hatch. 
„      24th  to  26th     „  „  „  „  „  „ 

„       26th  to  2Cjth       „  „  „  „  „  „ 

„      5th  to  13th  Nov.        „  „  „  „  „ 

Laid  15th  January,  1915.  Immersed  i(nh  Sept.,  1915.  Two  hatched 
within  24  hours. 

'Ihis  was  a  large  batch  laid  on  filter  paper,  which  had  become  so  firmly 
attached  to  the  tin  sides  of  the  breeding  pan  that  on  drying  it  could  not  be 
detached  without  scraping.  The  tin  was  cut  up  and  portions  with  the  undis- 
turbed eggs  on  them  were  immersed.  The  two  eggs  that  hatched  only 
represent  a  small  percentage  of  the  eggs  tested  ;  certainly  not  more  than 
2  per  cent. 

Laid  lunejulv,  1915.      Immersed  i()th  September,  1915.     Llatched  freely. 

Laid  during  July,  1915,  on  wood.  Immersed  20th  October,  1915.  Hatched 
freely  within  2  hours  of  immersion. 

Laid  during  Jaiuuiry  on  filter  paper  that  became  firmly  attached  to  the 
side  of  a  tin.  Immersed  20th  October,  1915.  Hatched  freely  within  2  hours 
of  ininieision.      I'italify  ittaiiwd for  262  days. 


Expe  rime  fit  AVv.  A  A /. 
TEMPERATURES  WHICH   E(H^.S  OF  STEGOMYIA  FASCIATA 

AR1-:  ABLi:    ro  wtthstaxd. 

It    was    found    at    Freetown    that    eggs   easily  survived  a  day  or  two  at 
blood  heat,  97"  F.,   but  more  extreme  tests  were  not  practicable. 
The  following  tests  were  carried  out  at  the   Lister   Institute: — 

First  Test. 

Eggs  laid  June-July,    1915,    at    Freetown    on    slips    of   filter    paper    and 
brought  to  England  in  a  wooden  box. 
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A  sli|)  was  (li\iil<(l  .iiid  niic  portion  was  kej)t  in  an  iiKUihator  at  105*8°  V, 
for  .|S  hours  ;  llu-  ollui  poilion  was  kr|)l  at  room  tcnipL'raturt;,  65"  to 
70''  1\  On  immersion  the  vj^n^s  on  ihc  slip  j)la(:ed  in  the  mcuhator  failed 
to   halch,    while   tho>e   on    the  control   slip   h;il<he(l    licely. 


StUOfid     7'(Sf. 

A   slip   was  (li\i(le(l    into   lour,  and   the  e^i^s  on  the  several  portions  were 

suhmiltcd  to  llu-  lollowin^^  eonditions  for  24   hours,  the  eg^s  suhmilled  to 

iieat    were    j)laeed    in    a    moist    cell.        At  the  expiration   of  the   24   hours 
all   were  inmiersed   in   water  al  ahoul  64'  F. 


After  immersion  at  64°  F. 

2  hours. 

24  hours. 

72  hours. 

Incubator  at   107  6    F. 

Hot  rot)m  at  (;()"8'  F. 

I  hatched 

40  per  cent,  hatched. 

70  per  cent,  hatched. 

Int'uhator  at  78    V.  ... 

A  number 

70          „               „ 

75         '>             j» 

Cold  room  at  28   F.  ... 

I  hatched 

20 

25                    5J                             5> 

Third  Test. 

A  lari:;e  batch  of  eggs  laid  during  June  and  July  in  Freetown  were 
placed  in  the  cold  room  of  the  lister  Institute  on  the  iSth  September, 
and  submitted  to  a  temperature  of  28°  to  30°  F.  for  25  days;  they  were 
then  placed  in  water  at  65°  F.,  subsequently  raised  to  75'  F.  ;  none  hatched, 
but  eggs  of  a  control   batch,   kept  at  65^-70°  F  ,  did  so. 


Fourth   Test. 

A  batch  of  eggs  laid  on  filter  paper  in  London  by  specimens  reared  from 
Freetown  eggs  was  divided  into  four  lots ;  these  were  kept  for  24  hours  at 
29^-30°  !'•»  75^  t"-.  95"  F.,  and  102'  F.  respectively  They  were  then  placed 
in  water  at  65'  F.  and  gradually  raised  to   75'  F.  after  20  hours'  immersion. 

Of  the  lot  submitted  to — 

29'~3o^  F.,   50  out  of  69  hatched  =  72  per  cent,  (one  larva  died). 

75'  '""-J  6       „       50        „        =  12        ,, 

95'  I^'m  10      ,'       53       n        =19 

102'  F.,       none      „       50        ., 

'I'he  ])ans  of  water  containing  the  eggs  were  then  allowed  to  cool  down 
to  65'  F.  and  examined  after  4   liours.     Of  the  lot  submitted  to — 

29-30'  F.,      6  had  hatched  =    9  per  cent. 

75'  l^^M  20  „  „  =40         „ 

95°  F.,  none  „ 

102°  F.,  I  „  „  =    2         „ 


5» 


The  pans  were  aguiii  kept  at  75'  V.  and  examined  after  76  hours.     Of  the 
lot  submitted  to — 

29-30'  F.,  none  had  hatched. 

is]  ^M  2         „  „         =    4  per  cent. 

102'  F.,  3         »'  »,         =    6         ,,  (and  were  dead). 

The  pans  were    again    allowed  to    cool    to  65'  F.  and  left.     Of  the  lot 
submitted  to — 

29^-30"  F.,  none  had  hatched. 

75°  f'-,  3         ,,  n         =    ^  pt-*r  cent. 


95'  f  •, 

10  /  F., 


I 

none 


The  pans  were  again    placed  at   75^  F,    and  examined   20  hours    later. 
Of  the  lot  submitted  to  — 

29-30"  F.,  none  had  hatched 
75"  F.,  8        „  ,,         -    16  per  cent. 

95'  F.,  none     „ 

102'  F,  I        ,,  ,,        =    2 

The  pans  were  again  allowed    to    cool  to  67"  V.    and  left   for  4  hours 
Of  the  lot  submitted  to — 

29''-3o°  F.,  none  had  hatched. 

75^  F.,  1         „  „         =    2  per  cent. 


102°  F.. 


=    6 

^    2 


No  further  hatching  occurred  within  a  period  of  4  days. 

Result. 


Temperature  to  which 

eggs  were  submitted  for 

24  hours. 


29  -30     r 

75     !•• 

O  I    . 

95   1-. 

102°     F. 


Number  of  eggs 
tested. 


Hatched  within 
128  hours. 


81  [)er  cent. 

80 

28 

12 


Tv/M    TesL 

Effect  of  heat  before  incubation. 

A  batch  of  eggs  that  had  been  laid  not  more  than  fifteen  or  sixteen  hours 
was  submitted  to  97"  F.  for  thirty  minutes.  The  batch  was  then  divided,  half  the 
eggs  were  subjected  to  a  further  rise  of  temperature  to  114*8^  F.  for  thirty 
minutes.  BDth  lots  were  then  stored  dry  for  a  few  days  at  about  65°  F.  and 
then  placed  in  water.  All  the  eggs  heated  to  11 4*8^  F.  completely  collapsed, 
and  no  larvae  emerged,  while  most  of  the  control  eggs  hatched. 


59 

Fxperimnit  No.  X\I J. 

FA'i'.Mii.s  i\  xwv.  i:(;(;  s'lwci:. 

Uiitler  natural  comlilions  llicic  aic  jjiohahl}'  iiiaiiy  more.  i:iiciiii«js  (;!" 
ihis  sta^c  llian  appt-ar  wluii  ilu-  eggs  arc  slond  uiulcr  arlificial  conditions 
and    ])r()trfli'd    a.uainsl    llie    allacks  of    vertt-hratcs    and    the    larger    insects. 

It  is  likely  that  some  species  of  small  hird  may  search  out  and 
devour  the  eggs  in  a  .similar  maimer  to  the  Tits  uhich  destroy  such 
multitudes  of  eggs  of  the  winter  moths  in  Northein  iOur(jj)e.  Predaceous 
beetles  and  beetle  larsa-  possibly  take  toll,  but  no  actual  evidence  of 
anv    of   these    attacks    was    forthcoming. 

in  captivity  eggs  stored  out  of  doors  were  lost  owing  to  the  disturbing 
action  of  millipedes  and  woodlice,  which  gnawed  the  paper  on  which 
tlie  eggs  were  laid,  and  to  which  they  were  somewhat  loosely  attached, 
but  here  again  neither  observation  nor  circumstantial  evidence  suggested 
differential  action  of  such  large  enemies,  which  should  have  been  ap[)arent  if 
the  eggs  were  used  as  food.  The  same  kind  of  loss  to  stored  eggs 
occurs  when  they  are  laid  on  lea\es,  though  this  is  probably  chiefly 
due    to    bacterial    action    rotting    the    surface    of   the    leaf  in  damp  weather. 

Ants  might  be  expected  to  seek  out  and  carry  off  the  eggs,  but  al! 
the  evidence  both  general  and  experimental  is  entirely  negative.  It 
seems  almost  certain  that  the  eggs  must  in  some  way  be  rendered  distasteful 
to  them,  otherwise  it  is  impossible  to  understand  how  the  species  of 
mosquitoes  which  rely  on  drought  resisting  eggs  to  tide  over  the  dry 
season,  could  possibly  survive  in  the  face  of  the  omnipresent  activity 
of   these    insects    in    their    search    for    food. 

Indifference  alone  is  hardly  a  sufficient  reason  for  the  passing  over 
of  eggs  by  a  species  of  ants,  one  of  which  was  detected  in  the  act  of 
laboriously    carrying    away    a    shred    of   aluminium    foil. 

The  disappearance  of  eggs  from  boxes  with  such  close-fitting  lids 
that  no  ant  could  enter  contrasted  with  the  fact  that  they  might  be  left 
uncovered  on  the  Laboratory  l)ench  for  days  without  interference,  although 
ants  were  continually  searching  for  and  carrying  away  dead  insects  or 
any  dried  scraps  of  insects  that  might  be  about.  This  led  to  the  following 
experiments,  which  prove  conclusively  that  a  species  of  Psocidce  (book 
lice),  apparently  the  same  species  which  occurs  in  Europe,  was  the  enemy 
which  had  wrought  such  extensive  destruction  among  the  experimental 
eggs.  It  was  found  in  nearly  every  situation,  both  indoors  and  out,  which 
afforded  sufficient  cover.  The  Psocidic.  themselves  are  attacked  and  utilized 
as   food    by    a    species    of   ciie/ifor,  or   false    scorpion. 

Into  a  glass-topped  entomological  box,  which  contained  remnants  of  dead 
mos(|uitoes  and  a  numerous  brood  of  Psocidic^  were  placed  two  slips  of  paper 
on  which  eggs  had  been  laid.  On  No.  i  the  ej.>gs  had  been  laid  and  allowed 
to  dry  a  month  previously  ;  at  the  commencement  of  the  test  there  were 
20  full  eggs  and  2  collapsed  ones  on  it.  On  No.  2  the  eggs  had  been 
laid  and  dried  5  months  previously  ;  examination  showed  that  there  were 
14  full,  10  shrunken  and  3  collapsed  eggs  on  it. 

On  the  following  day.  No.  i  had  13  full  and  2  collapsed  eggs  on  it, 
while  No.   2  had  4  full,  8  shrunken  and  2  collapsed  eggs.     There  were  also 
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trugiuciu^  ui  parti)  citeii  eg^s,  and  u  caret iil  cx.uiniiatiuii  showed  that  2 
of  the  apparently  undisturbed  eggs  had  small  holes  gnaweci  in  them. 

By  the  third  day,  in  No.  1  there  remained  4  tull  and  2  colla[>sed  eggs, 
and  in   No.   2   but   i   full  egg  and  some  partially  eaten  remnants. 

Oa  the  filth  day  nothin;^  but  fragments  of  shell  remained,  which  were 
shortly  devoured,  a  special  feature  of  the  work  of  the  Psociiht  being  the 
completeness  with  which  they  clear  up  if  time  permits,  not  even  the  tiniest 
fragment  of  shell  being  left  lo  afford  evidence  of  the  nature  of  the  attacking 
agent. 

The  next  test  was  to  [)lace  a  small  batch  of  freshly  laid  eggs  in  the 
box.  On  drying  there  were  found  to  be  22  full  and  2  collapsed  eggs. 
Two  days  later  not  a  vestige  of  the  eggs  remained. 

The  third   test  was  a  comparative  one.     A   large    batch  of  freshly  laid 

eggs  was  dried  and  the  collapsed  e;igs  removed,  it  was  then  divided  into 
two  portions. 

Lot   I,  consisting  of  82   eggs,   was  placed  in  the   box. 

Lot  2,  consisting  of  67   eggs,  was  placed  on  the   Laboratory   bench,  and 

left    uncovered    except    on    two    occasions.     On    the    3rd    of   June    a  chip 

box  was  accidentally    placed  over    the  paper   slip  on    which   the    eggs  had 

been    laid.     On    the    4th    June    the    paper    was    turned    over  so    that  the 

eggs  were  between  the  paper  and  the  bench,  hi  both  instances  the 
accidental    covering    led    to  attack    on    the  eggs. 

Lot  I. 

S2  E^^^^^s  placed  in   Box  contaiiiin^^  fuonbers  of  Psocidie. 
Record  of  Reduction  in  Numbers. 


May. 

June. 

26 

28 

/  / 

31 

3 

4 

5 

6 

7 

8    9 

10 

II 

12 

13 

15 

S2 

76 

68 

61 

54 

47 

43 

28   17 

8 

5 

0 

Lot  2. 

6"/"  Ek:;gs  left  exposed  on  Laboratory   Bench. 
Record  of  Reduction  in  JVumbers. 


Mav. 

June. 

26 

28 

31 

*3 

*4 

5 

6 

7 

8 

9 

10 

II 

42 

12 

13 

TS 

67 

67 

67 

45 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

*  On  the  3rd  and  4th   Tune  the  Q^g^  were  covered. 

On  the  15th  June  Lot  2  was  transferred  to  the  box. 

After  24  hours  only  20  eggs  remained. 

After  72  hours  only  i  full,  i  shrunken  and  i  collapsed  egg  remained. 
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(/.')    I.AKWl'.    AM)    \'{V,V:. 

Kw\:\<\\\\\  vs   CoNc  i:i;M\<i    riii:    Di.sciur'i'iox    .wd    r)i:.\.\Trr\' 
oi'    I-\k>1)  m;i:i)i:i)  i;\    I.Aia.i.  or   S i kcumyli  iascia/.i 

(icuc)'al  Xotcs. 

The  liii^h  inorLality  wliicli  occurs  when  tlic  Cciptiircd  larv<e  are 
simpl)'  placed  in  jars  of  water  to  rear,  combined  with  the  experience 
gained  in  breedini;"  mosquitoes  from  the  eg^^  sliow  that  an  ample 
store  of  organic  matter  in  the  water  to  start  with,  or  the  addition 
of  fresh  food  at  intervals  is  essential.  The  description  of  organic 
matter  used  ma\'  var\-  within  wide  limits.  Dead  leaves,  boiled  white 
of  egg,  rice  or  other  grain,  dead  insects,  fseces,  etc.,  all  give  good  results 
provided  the  (piantity  is  adjusted  to  the  number  of  larvae  and 
quantit}'  of  water.  Oil}'  or  fatty  foods  (such  as  cockroaches)  may, 
however,  casiK'  cause  a  high  or  even  a  total  mortalit}'.  So  long 
as  the  water  is  free  from  oil  or  fat  it  ma\^  be  vcr\'  foul,  cloudy  or 
thick,  and  swarming  with  bacteria  to  an  extent  which  suggests  a 
broth  culture.  In  the  case  of  rice  the  water  was  so  thick  in  some 
of  the  experiments  as  to  resemble  thin  starch.  Dead  insects  and 
other  small  animals,  together  with  leaves,  probablx'  afford  the  chief 
natural  sources  of  nourishment  for  the  larvcX  of  Stcgoniyia  fasciata 
and  most  of  its  relatives  as  well  ;  but  apart  from  these,  the  fall  of 
organic  dust  on  any  uncovered  area  would  most  likely  suffice  for 
a  limited   number  of  larvae  to  attain  the  adult  stage. 

With  StCi:;oi)iv2a  and,  so  far  as  a  limited  experience  goes,  other 
Culiciiic  moscpu'tocs,  com[)ctition  for  the  ax'ailable  food  su[)pl\"  is 
\er\-  keen.  To  obtain  a  start  before  other  organisms  have  had 
time  to  dexelop  is  an  evident  necessit\-  if  large  broods  are  to  be 
reared.  An\-  (piantit)'  of  fresh  food  added  to  standing  water  will 
not  reproduce  the  ra\()ural)le  conditions  which  obtained  at  the 
initiator}-  filling  of  the  breeding  pool.      This  ma}'  be  observed  under 
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natural  as  well  as  artihcial  conditions,  ami  is  j^robably  larj^cly  due 
to  the  killing  of  the  newly  hatched  larvit  by  the  larger  ones,  as 
pointed  out  by   MacGre^or  (1915). 

Stt'^oiiiyiii  with  its  restini^  ^grt^*  some  of  which  ait-  ready  to 
hatch  within  a  few  minutes,  and  others  within  two  or  three  hours 
of  immersion,  is  better  adapted  to  take  full  advantage  of  the  late 
and  early  rains  than  species  which  have  to  deposit  e^|^s  recjuirin^ 
some  30  hours'  incubation,  after  the  pool  has  formed.  Apart  from 
such  obvious  competitors  for  food  as  tadpoles,  ephemerid  larvie 
and  those  of  species  of  Chironomus  or  other  omnivorous  water  insects, 
a  species  of  Ostnicoda  belon^^in*^  to  the  ^enus  Cypris  is  a  highly 
successful  competitor  if  it  i^ets  a  start  in  breeding  pans.  Once  it 
is  established,  few,  if  an\',  of  the  moscpiito  larvae  get  sufficient  food 
to   finish   their  development. 

Pans  or  jars,  the  sides  of  which  become  green  with  the  growth 
of  AlgiC^  are  also  very  generally  impossible  for  further  breeding, 
but  whether  or  no  this  is  due  to  the  Ah^ic  or  some  secondary  cause 
is  undetermined. 

The  first  moult  is  not  passed  b\'  lar\<e  put  into  clean  but  un- 
t'lltered   ta[)   water.  In   the  absence  of  added    organic    matter    the 

larvie  seem  unable  to  pass  to  the  second  skin  until  the  death  of 
some  of  their  fellows  pro\  ides  the  sur\ivt)rs  with  nutriment.  If 
after  a  short  but  sharp  period  of  starxation  abimdant  food  is  given, 
the  mortality  ma}'  be  low,  and  the  lar\ie  reach  maturitx'  t|uickl\-, 
but  produce  small  adults.  On  the  other  hand,  if  the  period  ol 
scarcity  is  continued,  the  mortality  is  high,  and  the  larxal  life  ma\' 
be  unduly  prolonged,  possibh'  up  to  sevent\'  da\  s. 

Under  the  most  favourable  conditions  the  lar\  al  life  may  be 
passed  within  four  days,  and  males  have  completed  their  develop- 
ment within   five  days  five  hours. 

The  tact  that  larvae  breeding  in  water  containing  little 
organic  matter  produce  small  adults*  has  its  practical  side  when 
cleanl)'  tcUiks  and  covered  cen^ent-lined  cisterns  re[)lace  wooden 
butts  or  other  dirty  storage  receptacles.  The  covers  need  to  be 
of  a  smaller  mesh,  not  less  than  iS  x  iS  to  inch,  because  in  addition 
to  the  possibility  of  these  dwarf  females  getting  through  the  netting 

*  See  also  under  "Enemies,"  page  79. 


when  sci'kin;.;  water  to  la\'  their  cl(^s,  there  is  always  the  risk  of 
c<^<i;s  that  ha\e  been  deposited  in  L^iitters  hciiii;  washed  in  tliicni^h 
thi'  neltiiii;  and  piix  hicinL;  sni.ill  sized  specaniens,  which  will  scjneeze 
lhri>UL;h  nettin;^  the)-  wonld  not  otherwise  pass  in  an  endeavour 
to  L;'et   out. 

i'r.itrat  t«.'d  de\  flopnient  or  laL;L;inL;  may  occur  even  in  the  presence 
of  an  abundant  food  suppl}'  ;  a  few  larva:  of  any  i^ixen  batch  will 
frcquentl)'  lai;"  behind  theii'  lellows.  'Ihese  laL^^ini;  lar\'a'  are  often 
unhealth)-  .md  die.  but  they  sometimes  comj)lete  theii"  develop- 
ment and  produci-  normal  adults  after  three  or  four  times  tlic  usual 
period. 

When  consicK^rinL;'  the  experiments  some  allowance  must  be  made 
in  respect  of  sex,  the  early  males  being  usually  a  day  quicker  in 
their  dexelopmcnt  tlian   the  females. 

.All  the  experiments  with  larv«e  were  performed  in  the  Laboratory 
of  the  Colonial  Hospital,  and  a  Chart  (No.  i)  embodying  the  records 
of  temperature  and  humidity  from  December,  1914,  to  July,  191 5, 
is  appended.  A  partial  record  of  the  maximum  and  minimum 
temperature  and  extremes  in  each  week  from  September  11th  to 
December  4th  is  set   forth  in   Chart  No.  9  on   page    101. 


Experiment  No.  XXIII. 
QUANTITY   AND   N.\TURE   OF   FOOD    REQUIRED. 

200  vx.  of  tap  water  was  put  into  each  of  three  beakers. 

To  N.R.  '2  gr.  of  uncooked  native  rice  was  added. 

To  P.R.  "2  gr.  of  uncooked  polished  rice  was  added. 

To  W.E. '2  gr.  of  hard  boiled  white  of  egg  was  added. 

12  larvae  just  out  of  their  eggs  (from  a  batch  of  eggs  which  had  been 
dried  and  then  re  immersed)  were  put  into  each  beaker,  and  these  were 
covered  with  thin  cotton  to  exclude  dust  and  small  insects. 

The  temperature  in  the  Laboratory  during  the  course  of  the  experiment 
averaged  about  82'  F. 

2nd  day  after  start — All  the  larvae  were  of  about  e(iual  si/e. 

3rd     „        „       „        N.R.  and  P.R.  ahead  of  W.E. 

4th     ,,        ,,       ,,        P.R.  most  advanced;  N.R.   next,  with  W.E.  a  bad 

third,  but  all  seemed  equally  healthy. 

6lh  ,,  ,,  ,,  I'.R.,  5  already  in  pu[)al  stage  :  N.R.,  larvae  full- 
grown,  but  no  pupai  ;  W.E..  almost  all  the  larvae 
a  moult  behind. 
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Chart  No.   i. 

CURVKS    OF    TEMFER.VrUkE    AND    HUMIDITV    IN    I.AHORATORV    Al 

('OIOMM.     HOSI'ITAI.,     I'KKKIOWN. 

M8IMKI  JAMUAIY  FEIIUAiy  MARCH  APtIL  MAY  JUN(  jULf 
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Obseivations  al  i)  a.iii.  each  cia\ 
Temperature 


Hiiniidity, 


Minimum  Humidity  record  in  each  week        — 


65 


I'lNAI.    RkSULT. 


l.nl. 

NumlitT  iif 
adults  KMrc'l. 

9  malf's,  2  females 
6  males,  6  females 

I   male,    ()  females 

Tiiue  ()C(iii)icil  from  halclilng 
lo  a<litll  stale. 

Morlalily. 

8[)ereenl. 

Nil. 

42  percent. 

l\ciiiarU><. 

Shortest. 

Average. 

Longest. 

1 2  days 
(i  female) 

I  I  days 
(2  females) 

42  days 
(i  female) 

\.R. 

P.R. 
W.K. 

9  days 
S  days 

2()  (lays 

TO  days 
9  days 

:j  I  days 

... 

The  (juantities  of  food  used  are  not,  of  course,  ccjuivalent,  as  the  water 
content  of  the  white  of  e<j;<^  will  he  much  greater  than  that  contained  in  th(' 
rice. 

Experiment  No.  XXIV. 
OUAXriTV  AND  NATURE  OF  FOOT)  REQUIRED. 


200  cc.  of  tap  water  was  put  into  each  of  two  beakers. 

To  P.R.  o'5  gr.  of  desiccated  polished  rice  was  added. 

To  W.K.  0*5  gr.  of  desiccated  boiled  white  of  egg  was  added. 

16  larvae,  which  had  just  emerged  from  eggs  of  the  same  batch  as  those 
used  in  the  last  experiment,  were  put  into  each  beaker,  and  these  were  covered 
with  thin  cotton  to  exclude  dust,  etc. 

The  Laboratory  temperature  during  the  course  of  the  experiment  averaged 
about  82°  F. 

The  larvae  in  P.R.  gained  rapidly  on  those  in  W.E.  at  first,  but  sub- 
sequently the  \\\E.  batch  recovered  most  of  the  lost  ground. 

Final  Result. 


Lot. 

Number  of  adults 
reared. 

Time  occupied  from  hatching 
to  adult  state. 

Mortality. 

Remarks. 

Shortest.  Average. 

Longest. 

9  days 
(5  females) 

1 1  days 

(2  males) 

I'.R. 
W.E. 

TO  males,  6  females 
10  males,  5  females 

8  days    8  days 
8  days    9  days 

Nil. 
6  per  cent. 

I  pupa  died  on 
the  1 3th  day. 

In  this  and  the  following  experiments  the   food  material  was  dried  or 
desiccated  before  use. 
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Experiment  No.   KXV. 

QUANTITY   AND  NAIURK  OF   lOOl)   RKQUIKKI). 

200  cc.  of  tap  water  was   [>Lit   itito  each  of  four  beakers. 

'I'o  O.  nothing  was  added. 

To  P.R.O.,  05  gr.  desiccated  [johshed  rice  was  added. 

To  W.K.O.,  o'5  gr.  desiccated  boiled  white  of  egg  was  added. 

To  C.W.L.,  ro  gr.  dried  fragments  of  fallen  cottonwood  leaves  was  added. 

20  larvLt  ]w>\.  emerged  from  a  large  batch  of  eggs  of  mixed  parentage, 
which  hatched  in  respcjnse  to  cooling,  were  put  into  each.  'I'he  beakers  were 
covered  with  thin  cotton  to  exclude  dust,  etc. 

The  temperature  in  the  Laboratory  at  c)  a.m.  during  the  course  of  the 
experiment  averaged  79*4    F. 

I  St  day  : — No  noticeable  difference. 

2nd  day  : — O.,  very  little  growth,   no  nu)ults. 
P.R.,  in  second  skin. 

W.E.,  a  few  in  third  skin,  but  most  in  second  skin. 
CAV.L.,  far  in  ad\ance  of  the  others.      Mostly  well-grown   in 

third  skin,  and  a  few   ap[)roa(^hing  the   third    moult,   but 

2  larviV  still  in  first  skin. 

3rd  day  : — ().,  about  half  have  grown,  the  remainder  show  no  growth. 

P.R.,   mostly  full-grown    in   third   skin,   but    a   few  only   just 

past  the  moult. 
W.E.,   mostly  full-grown   in   third   skin,   but  a   few   only    just 

past  the  moult. 
C.^\^F.,  still  ahead,  but  the  gap  between  this  hatch  and  P.R. 

and  W.F^  is  lessening.     None  have  yet  reached  the  fourth 

skin,   but  a  few  are  preparing  to  moult  ;   2  still  lag,  they 

are  now  in  second  skin. 

4th  day  : — O.,  all  are  now  making  progress  in  the  first  skin. 

1*.  R.,  all  are  well-grown  in  fourth  skin,  except  2,  one  of  which 

is  in  the  second  skin  and  the  other  in  the  third  skin. 
^^M'^.,  all  but  3  are  well-grown  in  fourth  skin  ;  of  the  laggards, 

2  are  in  the  third  and  i  in  the  second  skin. 
C W'.L.,  are  mostly  marking  time,  but  the  backward  larva'  are 

progressing  ;  one  is  in  the  second  and   the  other  in   the 

third  skin. 
5ih  da)'  :-—().,  still  in  {"irst  skin  ;   little  a[)[)reciabk-  finthcr  progress. 

I'.R.,   3  have  pui)ated  ;    2   larvi\i  are  still  in   third  skin;    the 

remainder  are  full-grown. 
W.E.,  1  living  and  i  dead  pui)a  ;   2   lar\ie  in   third  skin  ;  the 

remainder  full-grown. 
C.W.L.,   6  pupiv%  I  larva  in  third  and  i  in  second  skin  ;  the 

remainder  full-grown. 
6th  day  :- — C).,  still  marking  time  in  fust  skin. 

P.R.,  16  pupi^,  I  full-grown  larva  and  i  in  third  skin. 

W.E.,  6  pupit,  several  lar\ie  dead  ;  the  remainder  full-grown. 

C.W.L.,  13  pupte,  1   larva   in    third  and   i   second  skin  ;    the 

remainder  full-grown, 
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7th   (lay  : — ().,  still  no  pio^n-ss. 

r.K.,   iS  pii|)a- and  2  larva-,   1   in  third  skin. 

W.M..  t)  pupa-,  two  or  three  more  larv;i.:  dctad. 

(  .W  .!..,  s  ;i(hills,  I)  pupil-  and  4  larva-,   i  still  in  second  skin. 

8lh   i\a\  :     ().,  onlv  16  larva-  livin:^  ;  two   or  thrc-e  of  these  have  moulted 

.nid  an-  now  in  second  skin. 
I'.K..   1^  adults,  2  pupa.-  and  2  larva-,   1   still  in  lliird  skin. 
\\  A..,  .\  adults,  ()  pu|)a-  and   i  larva. 
('.W.I..,    5    adults,    .|    pu|)a-    and     |    larva-,     1    still    in    second 

skin. 

\  2\\\  (lav:      ().,   12    livini;   larv;i',  the  lari^est  l)ackwar(l  in  the  second  skin  : 
the  smaller  ones  still  in  the  first  skin, 
r.k.,  linished. 
W'.i-^,  I  still  in  larval  stage. 
CW.!,.,  3  still  in  larval  stage  :    i  only  in  third  skin. 

17th  dav  :      ().,   II    livin-^  larva-,  slight  growth,  but  no   moults  since    12th 

day. 
\\  .1'..,  the  last  larva  has  now  pupated. 
C.W.L.,    I    larva   has   pupated   and    an   adult    reared;    the   2 

remaining  larva;  are  both  in  fourth  skin. 

FiN.\L  Result. 


The  larvii:  of  ().  gradually  died  off,  leaving  a  single  survivor,  which  pupated 
after  spending  48  days  in  the  larval  stage.  A  female  specimen  was  reared. 
The  larvai  did  not  kill  one  another,  but  lived  on  the  decaying  bodies  of  their 
fellows  as  they  died. 


I...t. 

Number 

of  adults 

reared. 

I 

Time  occupicl  from  hatching 
to  adult  stage. 

Mortality. 

Remarks. 

Shortest. 
50  days 

Average. 

Longest. 

0.    ... 

... 

95  per  cent. 

... 

1\R... 
W.E. 

16 
10 

8      „ 
8      „ 

8  days 

9  ,. 

9  days 
13       ,' 

20 

50         >' 

I     larva   died 
on  1 6th  day. 

I    pupa   died 
on  1 8th  day. 

C.W.L. 

16 

7       ,» 

9        n 

15       » 

20         ,, 

1     pupa   died 
on  2 1  St  day. 

When  considering  these  results  it  is  necessary  to  bear  in  mind  three 
points  : — 

(i)  the  ijuantity  oi  organic  matter  in  relation  to  (2)  the  (juantify  of  water, 
and  (3)  the  number  of  larvre  in  relation  to  both. 

The  result  of  ().  affords  further  evidence  of  the  result  of  insufficiency  of 
food,  but  in  a  more  acute  form  than  W.E.  in  Experiment  No.  XXIII. 

The  mortality  in  P.R.,  as  compared  with  the  absence  of  deaths  when  the 
larva.*  were  fed  on  polished  rice  in  the  two  earlier  experiments,  is  probably  not 


due  to  any  scarcity  of  food  owing  to  the  larger  number  of  larvre  present,  hut 
cither  to  overcrowding  or  pure  chance. 

With  W'.E.  in  this  experiment,  the  increased  mortality,  as  compared  with 
the  use  of  the  same  food  in  Experiment  No.  XXI\'.,  is  also  ex|)li(able  as  the 
result  of  overcrowding  or  chance 

With  (J.W.L.,  however,  the  result  should  be  studied  in  relatioji  to  the  u.se 
of  fallen  leaves  of  the  cottonwood  tree  in  the  later  experiments,  the  suggestion 
clearly  being  that  the  quantity  of  food  used  was  barely  sufficient  for  ihe 
number  of  larvii?,  though  the  mortality  may  have  been  influenced,  us  in  I'.  K. 
and  W.E.,  by  overcrowding. 


Expert  me /if  No.  XX  VI. 

ASSIMILABILrrV    IN    ADDITION    TO    QUANTITY    AND 

NATURE    OF    FOOD. 

This  experiment  was  planned  with  a  view  to  ascertaining  if  speed  of  growth 
dt'pended  upon  the  assimilability  of  food  apart  from  its  nature.  It  was  hoped 
also  that  some  evidence  of  the  action  of  bacteria  or  other  micro-organisms 
in  relation  to  this  process  might  be  obtained. 

Into  six  beakers   were   placed   the  following   food    materials,  all  of  which 
had  been  dried  for  a  week  in  the  desiccator  :  — 
P.R.  1,  o*5  gr.  poli>;hed  rice. 
P.R.  2,  0.5  gr. 
C.W.L.  1,  o'5  gr.  fragments  of  fallen  leaves  of  the  cottonwood  tree. 
C.W.L.  2,  0-5  gr.  „  „  ,,  „  „ 

E.E.  I,  o'-;  gr.  fragments  of  fallen  leaves  of  a  species  of  eucalyptus. 
E.L.  2,  0-5  gr.         „  „  ,,  ,,  „ 

To   beakers    P.R.    1,  C.W.L.   i,  and    E.L.   i,   200  cc.   of   tap  watei    was 
immediately  added. 

All  six  beakers  were  covered  with  thin  cotton  to  exclude  dust. 

The  temperature  in   the    Laboratory  at  9  a.m.  during  the  course  of  the 
experiment  averaged  81 '5"  F. 

After   24   hours  a   microscopic  examination   of  the   water   was   made   by 
wet   film. 

P.R.  1,   showed  a  few  slowly  nuning  rounded  cells  (?  yeast). 
C.W.L,,  a  few  bacteria  and  infusoria  in  each  field. 
E.L.,  no  sign  of  any  organism. 

After  4O  hours  a  turther  examination  was  made. 

P.R.  1,  showed  numbers  of  bacteria  4-  +  +  +and  some  of  the  slowly 

moving  rounded  cells. 
C.W.L.  1,  showed  bacteria,  numerous  4-  +  4-  +,  also  some  infusoria. 

Ill .1  J.    I,  ,,  ,,  1,  +    r  V  ?? 

200   CC.  of  tap  water  was  now  added  to  beakers  P.R.   2,   C.W.L.   2,  and 
E.L.  2. 
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A  large  batcli  o[  c^^s  ol"  mixed  parciUagc  was  iiiiincrsed,  and  from 
the  larvii!  which  emerged  wiihin  90  mimili-s,  30  were  i)la(;(:d  into  each  (A 
the  six  heakers. 

The  following  iiistoiy  is  general,  du;  "  lugging  "  hirvie  are  luA  individually 
noticed. 

isldav.      r.K.    I,   ahead   (.1    I'.K.    2,   hut    not   lo   tlu;  extent  of  a   moult. 

('.W.I..    I,   ah(a<l   ()!(". W.L.    J,    hut  lo  a  less  marked  (;xU.'nL  than 

sviih   I'.R. 
I'.L.    1,   very  slightly  ahead   of   IC.L.    2. 

jndday:~r.K.    1,    well-grown  in  sciMjnd  skin  ;    I'.K.    2,   a  hill  moult  h(,iiin(l. 
C.W.  I..    I,   rather   less  grown   in   second   skin   Uiaii    1M\.    1. 
C.W.I..    2,   a    moult   hehind   (\\V.i,.    i  :     there   is,    however,    less 

di,sl)arily    helween    C.W.I-    i    and    2    than    between    P.R.    i 

and  2. 
1:.!..    I    and    2   dilTer   hut  very   littli-   from   each   other;     they  are 

hoth   hehind   the   others.      None  are  past  the   fir.-^t  skin. 

3rd  day  :      r.K.    i.   mostly   in    lourlh   skin:  a    few  almost   full   grown. 

V.\\.    2,   more   varied   in   growth  ;  oidy  a   few   in   fourth   skin. 
C.W.h.    I,  the  advanced  larva:  are  about  i)arallel  with  P.R.  2,  but 

the  iMoportion  still   backward  in  third  skin  is  larger. 
C.W'.L.   2,  (juite   noticeably    behind    C.W.L.    i,    but    only    as    a 

question   of  growth,   not  of  moults. 
E.L.    1,   are  siighllv    in    advance    of    I'>.L.    2:     both    are    behind 

C.W.L.   2. 

4lhday:  — P.R.    i,  all   full  grown,  except  a   few  laggards,  which  make  very 
sl(jw   progress. 
P.R.   2,   in   fourth  skin,   but   not   (juite   full  grown  :    the   laggards 

of  this  lot  are,   however,  ahead  of  those  of  P.R.    i. 
C.W.L.   I,  not  quite  so  advanced  as  P.R.   2. 
C.W. P.   2,  slightly  behind  C.W.L.   i. 
E.L.  I  and  2,  no  noticeable  difference  ;  both  lots  behind  C.\\'.P.  2. 

6th  day: — P.R.   i,   15  or   16  pupi\i ;  one  of  the  lagging  larvai  is  dead;  all 

the  remaining  larvix^  full  grown  in   fourth  skin. 
P.R.  2,  8  or    10    pupiXi,     the    lagging    larvi\i    are    now    growing 

rapidly  ;  all  the  others  are  full  grown  in  the  fourth  skin. 
C.W.L.   I,   no  pupi\3 ;  the  larvai  are  markmg  time  as  though  food 

were  failing. 
C.W.L.   2,   have  (juite  caught  up  to  C.W.L.  i,  in  fact,  they  look 

on  the  whole  better  fed,  but  ther*;  are  no  ])upie. 
E.L.    1    and   2,  are  slightly  behind  the  C.W.L's.  in  growth  ;  they 

differ  between  themselves  in  that  E.L.   2  shows    a   smaller 

range  of  variation   in  growth. 

From  this  time  onwards  it  became  evident  that  the  larvx  which  were 
given  leaves  as  a  source  of  nutriment  (C.\\'.L.  i  and  2,  E.L.  i  and  2),  had 
reached  the  limit  of  their  food  supi)ly.  Their  record  continues  as  a  long- 
drawn-out  period  spent  in  marking  time,  with  short  spurts  of  growth  as  larvoc 
died,  and  supplied  the  survivors  with  fresh  sources  of  nutriment. 
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I'INAl.     KkSULT 


Lut. 
I'.R.  I 

I'.R.   2 


Number  i 

ofaclullsl 

reare<l. 


Tiiiie  uccupicil  liuiii  haictiiuj; 
to  adult  btaj^e. 

Shortest.  I  Avera^^e.     Longest. 


Mortality. 


Kcniark  ■>. 


7  days  !  8  days  lo  days  |  23  per  cent. 


29 


c.w.L.  I ;     3 


C.W.L.  2 


E.L.  I  ... 


E.L.  2  ...    1 


8  „ 


9    M 


1 1 


45  »»   47  M   50  M   90 


1 1 


12  „   12  „   90 


49  n   49  ..   49 


18  „ 


J)   ,  VO    n 


(Jne  larva  lived  until  the 
78th  day,  l.ut  failed  to 
pupate. 

Three  larva-  lived  until 
the  47th  day,  hut  failed 
to  i)U|)ate. 

One  larva  lived  until  the 
66th  day,  ])ut  fiiiled  to 
l)upale. 

On  the  46th  day  this  item 
of  the  exjieriment  was 
terminated  by  an  acci- 
dent. There  were  10  or 
II  larviv  living  at  the 
time. 


It  is  doubtful  if  tlie  dilTcrciKc  in  mortality  between  the  pair  P.R.  i 
and  2  is  of  any  signifu-ance,  but  the  high  death  rate  among  the  larva.' 
given  leave.s  is  almost  certainly   the  result  of  insufticMeney  of  food. 

The  advantage  in  speed  of  growth  between  the  pairs  during  the  early 
days  of  the  experiment,  so  far  as  the  I'.R.  and  (\\\'.L.  are  concerned,  was 
clearly  with  the  larvie  in  the  beakers  where  there  had  been  two  days 
for  the  food  to  soak  and  diffuse,  or  for  micro-organisms  to  develop.  With 
E.L.  the  difference  was  slight,  which  in  view  of  the  sparse  growth  of 
bacteria  in  the  water  in  beaker  l^.L.  i  after  46  hours,  is  significant  of 
some  relation  between  the  growth  of  bacteria  and  the  assimilability  of  the 
food . 

That  the  final  advantage  tended  to  be  with  tlie  lots  in  which  bacterial 
growth  was  not  given  any  start  in  ad\ance  of  the  larvae  appears  to  suggest 
that,  if  bacteria  and  other  micro-organisms  are  a  direct  source  of  food, 
they  abstract  a  c^ertain  amount  of  nutriment,  which  is  not  subse(iucntly 
recovered  when  the  lar\;v  invest  them. 


E.xpfriment  No.  XX I'll. 


PRESENCE  OF  BACTERIA  CONSIDERED  ALSO. 


I'his  experiment  was  planned  on  similar  lines  to  No.  XX\  I.,  but  was 
varied  as  regards  the  description  of  food  and  number  of  larvae  used, 
in    the    hope  of  getting    more  nearly  into    touch  with  the  problem  of   the 
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rclatimishii)  Itcluccn  lar\al  _i;r()wlli  and  the  (lc\cl(;])mciit  of  l)a(:lcria  in  the 
water.  An  addriidiini,  of  wliich  a  short  accoiml  is  apiJtndfd,  was  uiidcr- 
lakeii  to  allow  of  larv;r  and  |)II|);l'  l-cin^  (hsscclcd  lo  make  ^ut  smears, 
without  intnreri'iui-  willi  the  hiccchiij^  axcra^cs  and  nioilalilN'  percentages 
in   the   main   experiment. 

Into  six  l)eakers  were  phncd   ihc  lollowin^  :  — 

r.l\.    I    and    2,   eaeh   0*5  gr.   j)olishe(l   rice. 

C.W.I..    I    .md   2,  eaeh   0*5   i;r.   fraj^ments  ol   leaves  ol   eotloiiwood    tree. 

('.    1   and   2,  eaeli  0*5  gr.   haL;menls  of  dead  coekroaeh. 

.\ll   the.se  food   materials  had   Ixcn   thoroughly  dried    in   a  (U-sieeator  and 
co.nsely  powdered   helore  weighing. 

200  ee.  of  tap  water  was  at  onec  added   to    i'.R.    1,  (".W.!..    1,  and   (  !.   1. 

All  six   l)i-akers  were  covered  with   thin   eollon   to  exclude  dust,   ele. 

'I'he  tem|)erature  in  the   Lal)oratory  at  9  a.m.  during  the  course  of  the 
exjxiriment  averagi^d  82*2"  J'. 

,\fter  three  days  a  microscopic  examination  of  the  water  for  germs  was 
made  : 

IM\.    1,   showed    bacteria  +  +  and  a  few    slowly    moving    rounded     cells 
(probably  yeasts)- 

CAW  I,.    I,  showed  bac^teria  +  +  +• 

('.    I,  showed   bacterial-  +  +  +  +• 

200  cc.   of   taj)   water    was   then    added  to    I'.R.  2,   C.\\M..  2,    and  C- 2, 
and    10*  newly  hatched  larva:  were  placed  in  each  of  the  six  beakers. 
I  st  day  : — No  moults. 

2nd  day : — P.R.    i,  all  l)ut  one  or  two  ai"e  now  in  their  second  skin. 

I'.R.   2,  many  are  in  their  third  skin;  the  remainder  in  their 

second  skin,  but  further  advanced  than  any  of  the  P.R.  i. 
('.W'.L.    I,  mostly  in  their  second  skin  ;  one  at  least  is  in  the 

third  skin. 
('.W.L.   2,  none    past    the    second    skin;    all    are    distinctly 

behind  C.W.L.    i. 
C.    I,  only  two  or  three  living  hirvie  lo  be  seen  ;    these  have 

just  attained  the  second  skin. 
C.   2,  all  dead  (probably  due  to  the  formation    of   a    thick, 

grt^asy   scum). 

3rd  day  : — I'.R.    i,   none  past  the  third  skin. 

P.R.   2,  a  number  are  in  the  fourth  skin. 

C.W. L.    T    and   2,   do  not  differ  noticeably  from   each   other; 
both  lots  are  behind   I'.R.   2. 

C.    I,  only  one  larva  now  living. 
5th  day  : — P.R.    1,   is  still  a  long  way  behind  P.R.   2. 

P.R.   2,  mostly  full  grown,   but  none  have  pupated  yet. 

C.^^^P.    i   and   2,   mostly  full  grown,   but  no  pupa^  yet. 

C.    I,  all  the  larvcC  are  now  dead. 
6th  day  : — P.R.    i,  no  pupce  yet. 

P.R.   2,   four  have  pupated. 

C.^\'.I..    1   and  2,  no  pu])a'   yet,    but    the    larvai    are    casting 
the  chilinous  tube  which  contains  the  food  within  the  gut. 

•The  cfijjs    from    which    these   larvro   hatched  had  been    kej^t  dry  for  three  weeks  ; 
the   larvie  emerged   from  them  wilhin  one  hour  nf  iinincr>ioii. 
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FI^fAL  Rksuct. 


Lot. 

Number 

uf  adultb 

reared. 

Time  occupied  from  hatching 
to  adult  iitage. 

Mortality. 

Kciaarks. 

Shortest. 

Average. 

Longest. 

r.R.  I  ... 

P.R.   2   ... 

C.VV.L.   I 
C.W.L.  3 

5 

4 

9 
6 

lo  days 

s    „ 

9     '» 
9     M 

12  days 

9             M 

1  1      ., 
lO       „ 

15  days 

II        n 

'4     n 
II      ,» 

50  percent. 

40      „        >, 

I    larva   h\cd  34  cla)M 
with  aljiindance  of  food 
and  then  died. 

A  comparison  of  llu'se  results  with  those  obtained  in  Experiment 
No.  XXVL  in  respect  ot  the  lar\ie  fed  on  rice  (P.R.  i  and  2),  and  those  fed 
on  leaves  of  the  cottonwood  tree  (C.AV'.L.  i  and  2),  brings  out  clearly  the 
effect  of  scarcity  of  food  on  the  one  hand,  and  the  possibility  of  water,  over- 
loaded with  organic  matter,  being  unhealthy  if  the  lar\a.'  are  not  numerous 
enough  to  cope  with  it,  on  the  other. 

In  this  experiment,  as  in  No.  XX\'L,  the  ad\aiuage  at  the  beginning 
between  the  pairs  was  again  with  the  larviv  placed  in  the  beakers  where 
bacterial  growth  had  the  start  :  the  final  reverse  of  position  between  the 
pairs,  though  less  marked,  is  still  sutticiently  in  agreement  to  suggest  that 
this  is  a  real  divergence  and  not  a  mere  chance  occurrenc  e. 

In  the  case  of  the  pairs  fed  on  cockroach  (C.  i  and  2)  the  oily  nature 
of  the  food  material  must  be  considered  as  chiefly,  though  not  entirely, 
responsible  for  the  ensuing  mortality-  I'or,  even  when  the  surface  scum 
was  broken  up  and  a  quantity  of  fresh  water  added,  and  these  beakers 
produced  some  healthy  adults,  still  the  mortality  was  high. 

Fifty  larvie  which  had  emerged  from  their  eggs  an  hour  or  two 
previously  were  added  to  beaker  C  2,  the  covering  of  scum  being  broken 
up.  They  grew  very  slowly  at  first  and  there  was  a  heavy  death  rate, 
but  by  the  third  day  the  survivors  were  making  extraordinarily  rapid 
progress  and  by  the  fourth  day  were  in  the  fourth  skin.  All  but  one  had 
pupated  by  the  sixth  day.  Twenty-two  adults  were  reared,  eight  within 
seven  days  ;  the  average  time  being  eight-and-a-half  days,  and  the  longest 
period  between  e^j^,^^  and  adult  eleven  days. 

A  smear  of  the  gut  of  a  larva  taken  from  this  batch  showed  only  two 
or  three  bacteria  to  a  field,  and  one  from  a  pupixl  gut  was  free  so  far  as 
the  microscopic  test  went  ;  yet  the  water  in  which  these  larvie  were  living 
swarmed  with  bacteria. 

During  the  progress  of  Experiments  Nos.  XXVL  and  XXX'Il.  it 
became  evident  that  the  introduction  of  larviv  may  have  a  remarkable 
clearing  action  on  foul,  cloudy  water,  if  the  conditions  are  properly 
balanced  in  respect  of  the  number  of  larvit  and  the  cjuantity  of  water. 

A  test  was  made  of  the  water  from  beaker  C.  i.  after  the  death 
of  the  last  larva  on  the  third  day  (the  eighth  day  of  the  growth  of  the 
bacteria),    the     water     showed     an     enormous     bacterial     infection,     only 
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comparable  with  a  brotli  culture.  This  water  was  put  into  a  glass  dish 
and  ililuted  with  four  times  its  own  volume  of  tap  water,  which  rendered  it 
less  dense,  but  left  it  still  eloudy  ;  two  hundred  fust  skin  larvai  were  then 
j)laced  in  the  dish,  they  ^M-ew  with  great  rai)i(lity,  and  as  they  pn^gressed 
the  water  cleared,  finally  entirely   losing  all   trace  ol   its  cloudy  appearance. 

The  water  in  beaker  ( '.  2  retained  its  thick,  cloudy  apj)earance  (if/cr 
llu'  develoi)nuiU  of  the  lilty  larv;e  above  alluded  to.  It  was  decided  to 
Use  this  wali-r  lor  a  lurther  test  regarding  the  clearing  action  of  the 
larv.e, 

.\  microscopic  (Aaiiiinalion  l»v  wd  lilins  and  stained  smear  (carbol 
ihioiiin  hhie)  showed  tin-  water  to  be  swarming  with  bacteria — three  forms 
predominating.  One  of  these  was  a  large  and  a  very  distinctive 
serpentine  form.  About  one  hundred  first  skin  larva;  were  added  to  the 
200  cc.  of  foul  water ;  they  made  very  rapid  progress.  Two  days 
later  most  of  them  were  half  grown,  while  the  water  had  become  (juite 
clear.  Micro.scoj)ic  examination  showed  a  very  marked  reduction  in 
the  number  of  bacteria,  with  an  entire  absence  of  tlie  large  serpentine 
form. 

Addendum. 

Two  beakers,  in  e\ery  respect  similar  to  those  used  in  the  above  experi- 
ment for  P.R.  I  and  C'AV.L.  i,  were  prepared  and  stocked  with  the  same 
number  of  larviv. 

Larvii:  and  pupa^  were  taken  from  these  beakers  at  intervals  and  dissected, 
smears  of  the  gut  and  its  contents  being  fixed  and  stained  in  the  same 
maimer  as  sample  drops  of  water.  While  the  water  in  these  beakers  showed 
an  identical  infection  with  that  in  P.R.  i  and  C.W.L.  i,  in  above  ex[)eriment, 
the  smears  of  the  larval  guts  showed  few,  if  any,  bacteria  to  a  field,  and  the 
pu[)al  none  at  all. 


Experiment  No.  XXVIII. 

POSSIBLE    RELATIONSHIP    BETWEEN    THE    DEVELOPMENT 
OF  BACTERIA  AND  THE  GROWTH  OF  THE  LARV/E. 


This  experiment  was  a  further  attempt  to  solve  the  (|uestion  of  a  possible 
relationship  between  the  development  of  bacteria  or  other  small  organisms 
and  the  larvi\2.  The  quantities  of  the  different  foods  used  were  varied  in  the 
light  of  past  experience  in  previous  experiments. 

On  the  20th  May,  into  four  beakers,  carefully  cleaned  and  covered  with 
thin  cotton  as  in  the  previous  experiments,  were  placed  the  following: — 

Into  G.  I  and  G.  2   0*15  gr.  of  desiccated  fragments  of  grasshoppers 

was  ])laced. 
Into  C.W.L.  I  and  C.W.L.  2,  0*5  gr.  of  desiccated  fragments  of  fallen 

Cottonwood  leaves. 
200  cc.  of  tap  water  was  then  added  to  G.  1  and  C.W.L.  i. 
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On  lUc  2^ih  Mu),  tour  da>s  later,  an  cxaiiuiiaiiuii  ot  ihc  water  in  G.  i 
sluiwcd  that  it  was  thirk  aiul  tlouily,  while  bacteria  were  pre.sctit  in  innnenbc 
numbers,  three  or  four  tornis  being  esjiecially  noticea[>le : — 

(i)  A  small,  very  short  ro«l-shaped  bacillus  in  dense  clusters. 

(2)  'I'wo  forms  (possibly  of  the  same  species)  of  large  rods  generally 

distnbuted  but  occasionally  forming  chains. 

(3)  Large  seri)entine  forms  scattered  throughout  the  mass. 
No  paranuecium  or  rcjtifers  seen. 

C.W.L.  1,  water  clear  but  with  fluffy  patches.  Bacteria  less  numerous, 
but  still  in  great  numbers.  The  large  serpentine  lorms  not  i)resenl.  A  few 
paranuecium  and  a  single  specimen  of  a  rotifer  seen. 

200  cc.  of  tap  water  was  then  added  to  (*.  2  and  CAV'.L.  2. 

16  newly  hatched  larvie  were  placed  in  C.W.L.  i  and  15  in  C.W.L.  2. 

25       „  „  „  ,,  ,,       „    (;.  I  and  (;.  2. 

1st  day  (24  hours  from  start)  : — 

Ci.  1,   a  number  have  moulted. 

G.  2,  none  have  moulted. 

C.W.L.  I  and  2,  none  have  moulted. 

2nd  day  : — G.  i,  nearly  all  in  third  skin  and  mostly  well  grown  in  il ;  one 
seen  in  first  and  one  in  second  skin. 

G.  2,  a  few  (possibly  one-third)  in  third  skin,  but  the  larger 
number  in  the  second  and  two  or  three  seen  in  the  first 
skin. 

C.W.L.  There  is  not  much  to  choose  between  C.W.L.  i  and 
C.W.L.  2  ;  C.W.L.  I  has  a  few  "  stars"  whereas  C.W.L.  2 
are  more  even  in  growth.  Only  one-fourth  to  one-third 
are  in  the  third  skin  and  these  have  only  just  attained 
it  ;  on  the  other  luiiul,  there  are  no  second  skin 
"  laggards.'' 

3rd  day  : — G.  1,  i  still  in  second  and  1  in  third  skin  ;  the  remainder  are 
in  their  fourth  skin,  mosil\  lull  grown,  but  none  have  yet 
cieaied  the  gut  in  preparation  for  the  pupal  stage.  The 
water  is  now  less  cloudy  than  in  G.  2. 

G.  2,  are  very  noticeably  behind  and  have  a  higher  death- 
rate.  While  most  of  them  are  in  their  fourth  skin,  and  a 
few  are  as  forward  as  G.  i,  there  are  several  that  have 
only  recently  attained  the  third  skin,  and  at  least  two  are 
still  in  the  second.     Water  very  cloudy. 

C.W.L.  I,  about  hall  are  in  their  fourth  skin  and  fairly  grown, 
but  slender  (fat  body  ill  develoi)ed)  ;  remainder  in  third 
skin.  Water  clear,  brighter,  and  more  deeplv  coloured 
than  C.W.L.  2. 

C.W.L.  2,  are  possibly  a  shade  more  backward  than  C.W.L.  i, 
but  the  difference  is  very  slight. 

Examination  of  >Vatkr. 

4th  day: — G.  i,  after  eight  days,  larvie  having  been  present  for  half  the 
period,  the  water  is  nearly  clear.  Bacteria,  though  still 
plentiful,  are  in  greatly  reduced  numbers.  The  serpentine 
forms  and  large  rods  are  scarce,  and  there  is  also  a 
marked  absence  of  the  dense  clusters  of  the  smaller 
bacilli. 
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(].  2,  after  four  days,  dtirini;  which  larva;  have  been  present  all 
liic  time,  the  walrr  is  thick  and  cUjiidy,  and  ther(t  has 
l)cen  a  considi-rahic  iiiortality.  Ilacteria  are  present  in 
j;reat  numbers,  but  the  Inr^e  rod  and  serj)enline  forjus  are 
less  ntmurous  than  they  were  in  (1.  i  before  the  larv;e 
were  added.  'Die  most  notic<.:al)le  difference  now  is  the 
absence  in  (1.  i  of  llu;  dense  clinnps  ol  Nhort  lod  (onus 
and  liieir  |)resence  in  ( 1.  2. 

('.W.I,.,  tile  water  in  (].\V.L.  i  is  sh"}j,hlly  darker  ihan  in 
(WV.L.  2,  i)Ul  both  are  clear  and  bri,^hl.  There  is,  if 
very  careful  comparison  is  made,  a  trace  of  duhiess  in 
(\\\.i-.   I. 

C.W.L.  I,  shows  very  few  bacteria,  but  much  fluff,  possibly 
cellulose  fibre. 

C.W'.L.,  2,  shows  a  heavy  infection  compared  with  C.W.L.  j, 
mostly  small  forms  with  a  few  of  the  large  chain-forming 
rods.     No  clusters  and  no  serpentine  forms. 


5th  day  :- 


Development  of  Larv/t^:. 

(i.  I,    I  pupa,    I  in  second  skin,  i  in  third  skin  ;    remainder 

full  fed  (fat  bodies  developed),  22  living. 
(i.  2,  no  pupoi ;  no  "  laggards  "  (probably  dead),  only  13  living, 

all  of  which  are  full-grown. 
C.W.L.  I,  all  in  fourth  skin,  mostly  full  fed,  16  living. 
(WV.L.  2,  all  in  fourth  skin,  mostly  full  fed,  14  living. 
G.  I,  17  pup':e,  3  full  fed  larva;,  i  just  into  third  skin. 
G.  2,  9  pupa;,  4  full  fed  larvae. 
C.^\^L.  I,  4  pup?e,  10  larvae,  full  fed. 
C.\\M>.  2,  4  pupa;,  14  larvae,  full  fed. 


Final  Result. 


Lot. 

Nunil)er  of 
adults  reared. 

Time  occupied  from  hatching 
to  adult  stage. 

Mortalitv. 

Shortest. 

6  da)S 
(10  males, 
2  females) 

Average. 
6*5  days 

Longest. 

8  days 
(2  females) 

(i.  I       ... 

15  males, 
7  females 

12  per  cent. 

(i.  2       ... 

1 1  males, 
2  females 

6  days 
(2  males) 

7'i      n 

8  days 
(3  females) 

48 

C.W.L.  I 

10  males, 
6  females 

7  days 
(6  male.s, 
I  female) 

9-6     „ 

18  days 
(2  females) 

Nil. 

C.W.L.  2 

5  males 
9  females 

8  days 

( I  male, 

3  females) 

14-8  „ 

24  days 
(i  female) 

7  i)er  cent. 
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Atlcr  the  emergence  ot  ttic  adulla  m  l>cukers  G.  i  and  G.  2,  on 
the  iith  day  after  the  introduction  of  \\\^  nrvvly  hatched  larvar,  an  examina 
lion  of  the  water  was   made. 

(i.  I  appeared  nearly  clear  ;  quiic  clear  in  comparison  with  (j.  2.  'I'hc 
bacteria  present,  though  numerous,  were  relatively  few  in  comparison  with 
the  conditions  at  the  beginning  of  the  expeiiment.  Only  occasional  ser- 
pentine forms  and  single  individuals  of  the  large  chain-forming  rods  were 
to  be  met  with  ;  very  few  clusters  of  the  small  sh(jrt  rods  and  such 
clusters  when  seen  were  small. 

G.  2  was  still  swarming  with  large  clusters  of  the  short  rods,  while 
chains  of  the  large  rods  and  serjxntine  forms  were  numerous  ;  the  water 
being  very  thick  and  cloudy. 

SEijL'Kf.. 

A  fresh  batch  of  20  neivly  hatched  larvw  were  added  to  each  I'eaker. 

ist  dav  (24  hours  later): — G.  1,   nearly  all  in   scc(jnd  skin. 

G.  2,  all  are  in  their  second  skin. 
2nd  day  : — (i.  i,   mostly    just    into    third    skin,    iwo    or   three   in   second 
and  one  or  two  in   first. 
G.  2,  are  all  in  third  skin  and  mostly  well  grown  in  it  ;  they 
are    well    ahead    of   G.    i    and  the  water  is    now    nearly 
clear. 

3rd    day  : — G.  i,   mostly   in  third  skin  :    two   still   in   second  and   one   in 
fourth  skin. 
G.  2,   One    in    third,    remainder    in    fourth  ^kin— nearly  all 
full  fed. 
4lh    day  :— G.    1    and  2,   compared,  the   water   in   G.    2   is    yellower,   bul 
l)oth  are  etpially  clear  ;    as  regards  the  development  of 
the  larvie  there  is  no  comparison. 
Ci.  I,  are    marking    time    in    the    third    skin;    only  one  has 
reached    the    fourth,    and    two    remain     very    small    in 
second  or  third  skin. 
G.  2,  on  the  other  hand,  are  all  in  the  fourth  skin  :  most  of 
them  with  well  developed  fat  bodies. 
5th    day  : — G.  i,  still   marking  time. 

G.  2,   8  pupie  ;  remainder  full  grown. 

Final  Result  of  Sequel. 


Lot. 


G.  I  ... 


Number 

of    adults 

reared. 


Time  occupied  from  hatching 
to  adidt  stage 


MorlaUty. 


Shortest. 


I   female 


12  days 


Average.  \    Longest. 


95  per  cent. 
I   I    larva  lived   until 
the  59th  day  and 
then  died. 

G.  2  ...   7  males,  9  females      6  days       8  days     12  days      20  per  cent. 

(2  males)  1(1  female) 
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In  view  of  tlu-  coniincius  on  IC\|)(Tim(iil  No.  X.W'II.  these  last  results 
seareely  eall  tor  any  remarks;  the  experiiiieiU  satisf.ictorily  disposes  of  any 
reniainini;  doubts  as  to  the  intcrartion  of  l)aeterial  developm(;iit  and  larval 
growth.  Thi'  tentative  sugL:;estions  i)ut  lorward  in  the  coninieiits  (;n  Experi- 
ment No.  IV.,  to  the  q{{{1v\.  that  l)a(>teria  took  nutriment  (mni  the  water  whreh, 
even  in  the  event  of  the  larva-  devouring  them,  could  not  he  regained,  is 
eonlirmed  hv  tiie  results  following  the  re-stocking  of  beakers  (i.  i  and  2  after 
the  lirsl  broods  had  been  reared.  The  success  attending  the  careful  adjust- 
miMit  of  food  to  the  (juantity  of  water  and  numl)er  of  larvie  also  testifies  to 
the  correctness  of  the:  con(Musi{)ns  concx'rning  these  points  in  the  c(jmments 
at  the  (dose  of  the  \arious  expernncnts. 

There  seems  little  doubt  but  that  the  bacteria^  themselves  form  a  readil}' 
assimilable  form  of  food  for  the  larv;e,  althougii,  from  the  point  of  rigid 
economy,  a  certain  wastage  occurs  unless  the  several  factors  are  very  nicely 
adjusted.  This,  however,  in  the  terms  of  the  case  is  likely  to  happen  under 
natural  conditions. 

Experhnoii  No.  XXIX. 

AlULITV    OF    THE    LARV/E    AND    PUIM-:    OE    STEGOMYIA 
FASCJATA  '\0  SURVIVE    COMPEETE  SUP>MERC;ENCE. 

1S3  larva?  and  40  pupai  were  placed  in  a  wire  gau/e  tube,  5  inches  by 
2  inches.  The  tube  was  then  submerged  in  a  large  pan  of  water,  the  top  of 
the  tube  being  2  inches  beneath  the  surface.  Some  of  the  larvc^  escaped 
through  the  18  x  18  mesh  of  which  the  tube  was  constructed,  and  pupa? 
were  also  found  outside,  but  these  individuals  may  have  escaped  while  yet 
larv.x. 

After   20  hours   an   examination   showed  that   36   per  cent,   had  escaped 
through  the  mesh.     Of  those  which  remained,  78  per  cent,  had  been  killed. 
Pupae —    3  living,  36  dead  ;  mortaHty,  92  per  cent. 
Earvcx— 28       „       76     „  „  73    „       „ 

No  attempt  was  made  to  resuscitate  the  apparently  dead. 


Experime7it  No.  XXX. 

TEMPERATURE     EFP^ECTS     ON     EARV^:     AND    PUP^ 
OF     STEGOMYIA     FASCIA  TA. 

Heat. — Experiments  were  conducted  in  a  tin  pan  about  6  inches  in  depth, 
holding  6,000  cc.  of  water  with  a  surface  area  of  80  sf]uare  inches,  placed 
in  the  open  on  bare  earth  and  exposed  to  the  full  heat  of  the  midday  sun 
during  the  latter  half  of  November.  These  showed  that  both  larvie  and  pupa? 
could  easily  withstand  such  conditions,  no  mortality  at  all  being  observed. 
The  test  was  commenced  v>'hen  the  larv?e,  from  eggs  laid  in  the  ]:>an  by  wild 
females,  were  half  grown  (after  the  second  moult). 


*  Experiments  which  are  now  being  performed  in  collaboration  with  Dr.  E.  Y..  Atkin 
prove  thai  washed  bacteria  alone  afford  favourable  food  for  the  larvi^,  and  further  suggest, 
though  this  is  not  yet  definitely  cstablishcfl,  that  ihc  jiresence  ot"  living  l)actcria  are 
essential  to  the  development  of  the  larv;v. 
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The  temperature  of  the  water  taken  un  three  successive  days  was  as 
follows,  care  being  taken  that  the  thernioincter  was  {)la'e(l  in  the  shade  of  the 
">ide  of  the  tin  :  — 

24th   Novcnihcr,   3  p.m.  101     1'. 

251^1  n  3     „  103'    ». 

26th  „  9  a.m.  75'   „ 

20th  ,,  3   p.m.  .  .      101 '    ,, 

Larvie  and  pupcC  were  taken  from  this  [)an  with  a  quantity  of  the  water 
and  put  into  a  I  eaker  ;  this  was  placed  in  a  water  bath  and  the  temperature 
slowly  raised.  After  10  minutes  the  tem[jerature  reached  110'  l*'.,  tlie  pupa,' 
remaining  active,  but  they  all  kept  close  to  the  surlace.  Hetween  1  1 2  and 
115'  F.,  reached  within  15  minutes,   both  larvie  and  pu[)ie  died. 

Larvoi  from  the  pan  were  treated  similarly,  but  the  course  of  the 
experiment  was  interrupted  ;  the  moment  the  thermometer  registered  112'  h\ 
the  beaker  was  removed  from  the  bath  and  allowed  to  cool.  All  the  larvae 
seemed  to  be  in  difficulties  ;  most  of  them  remained  at  the  surtacc,  but  a  few- 
continued  to  show  slight  activity  at  the  bottom.  20  hours  later,  the  water 
having  fallen  to  the  laboratory  temperature  of  80^  F.,  about  one-third  to  one-half 
of  the  larvx'  had  recovered  their  activity  or  had  pupated,  the  remainder 
were  either  dead  or  dying.  The  survivors  nourished  upon  the  dead  bodies  of 
their  comrades  successfully  completed  their  development,  producing  adults 
which,  so  far  as  outward  ai)pearance  was  concerned,  were  normal. 

From  this  it  would  appear  that  the  upward  limit  of  temperature  is  in  close 
agreement  with  that  for  other  insects,  as  shown  by  Blacklock  (1912)  with 
bugs  and  Kacot  (1914)  with  bugs,  fleas  and  cockroaches.* 

Co/iL-  \  number  of  larva'  and  pup:c  were  taken  from  \arious  breeding 
pans  in  winch  the  water  temperature  was  in  the  neighbourhood  of  80^  F. 

The  beaker  to  which  they  had  been  transferred  was  placed  in  the  ice 
chest  and  cooled  to  about  74°  F.  ;  this  change  did  not  affect  the  insects  at 
all.  It  was  then  placed  on  a  block  of  ice  ;  after  one  hour  the  temperature  of 
the  water  had  fallen  to  49°-5o^  F.  All  the  pupi\i  remained  active,  and  one 
adult  (a  female)  had  emerged  ;  about  half  the  larv:\i,  including  both  small  and 
large,  had  fallen  to  the  bottom  stiff  and  immovable,  to  all  appearance  dead. 
After  a  furlher  two  hours  on  the  ice  the  temperature  had  fallen  to  40°  F., 
and  all  the  larvie  were  in  stiff  and  stretched  out  positions  at  the  bottom  ; 
while  all  the  pupi^?,  with  one  or  two  exceptions,  were  immobile  and  lax  at  the 
surface.  The  beaker  was  removed  from  the  ice  and  the  temperature  allowed 
to  gradually  rise.  At  60°  F.  all  the  pupte  had  regained  their  full  activity,  but 
the  larvai  showed  no  signs  of  recovery  until  the  temperature  rose  to  70*^  F. 
An  hour  later,  when  the  temperature  had  reached  80''  I'".,  nearly  all  the  larvte 
had  recovered  their  activity. 

Next  day. — 6  larviv  and  2  pupa?  were  dead  out  of  40  larvie  and  24  pupx 
submitted  to  the  test  ;  6  adults  had  emerged  from  pupiv  ;  from  the  remaining 
larvit  and  pup;\}  47  adults  were  reared. 

The  female  which  emerged  from  the  pupiv  while  the  beaker  was  on 
ice  was  placed  in  a  box  and  put  on  the  ice  beneaih  the  blanket.  After  two 
hours  she  showed  no  effect  from  the  cold  beyond  being  slightly  sluggish. 
After  twenty-four  hours  she  was  still  living  and  active.  The  melting  of  the  ice 
prevented  a  continuance  of  the  test. 

*  Atlults  i)f  .S".   fLiSitafa  are  (juickly  killed  at  a  temperature  of  50°  C, 
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I'l.xpcritfwnt  Xo.  A  AAV. 
SUKXIVAL    or     l,AR\.l'.    Ol-    SIllCO  M  VI A    I'ASCIATA  ON 

WKi'  iii/ncK  I'A nck. 

A  l.nva  ill  its  fourth  skin  was  stranded  on  a  i)ie(:c  of  IiUlt  jniper  ;  after 
onr  hour's  chyinL^  llu"  paper  had  hi'coinc  stiff  \\\^(\  (hy.  'I'hc  larva  was 
slirunkrn  in  appearanee  and  in<"apal)l(;  of  inovciucnt.  'I'iic  small  piece  of 
|)ij)cr  on  which  ii  la\-  was  snijjped  off  and  rctiirni'd  lo  the  water,  'llu;  larva 
lived  and  remained  active  for  44  hours,  durini;  which  |)eriu(l  it  could  not  get 
to  tlu-  surface  for  air,  owinu;  to  one  of  its  <;ill.s  heini^  stuck  to  the  paper. 

Two  pup;e  and  two  lar\;e  were  found  stranded  on  wet  mud  at  the  bottom 
of  a  hall  (^K'oanul  shell.  'I'hey  were  removed  lo  wet  filter  i)aper  and  j)laced 
in  a  moist  cell.  Within  twenty-four  hours  both  the  pujKC  had  develoi)ed  and 
adults  emerged,  but  failed  to  finally  free  them.selves  from  the  |)upal  envelope. 
One  larva  died  after  three  days,  the  other  lived  for  ten  days,  during  which 
period,  although  kept  wet,  it  was  unable  to  move 


Experiment  No.  XXXII. 
ENEMIES     IN     THE     LARVAL     STAGE. 

MacOregor,  in  his  notes  with  reference  to  the  ^breeding  of  Stegotnyia 
fasciata  in  London,  states  that  the  young  larvae  are  consumed  by  the  larger 
ones.  The  high  rate  of  mortality  among  newly  hatched  larvae  placed  in 
breeding  pans  which  were  already  stocked,  or  had  been  previously  used  for 
breeding,  was  noticed  early  in  the  course  of  the  results  at  Freetown,  but  the 
cause  was  not  determined.  Cannibalism  among  larvae  of  the  same  age, 
though  watched  for  under  starvation  conditions,  was  never  detected.  What 
ap[)eared  to  be  a  flagrant  case  proved,  on  close  observation  with  the  binocular 
dissecting  microscope,  to  be  two  fully  grown  larvae,  one  half-grown  and  a  very 
small  one,  with  their  jaws  hopelessly  entangled  in  a  small  mass  of  silk  or 
hairs,  probably  a  fragment  of  some  insect  cocoon.  To  the  unaided  eye  the 
presence  of  the  smallest  larva  was  not  apparent,  and  appearances  suggested 
that  two  full-sized  larv.x  were  attacking  a  smaller  one.  After  watching 
half-an-hour's  vain  struggles,  a  few  moments'  aid  with  dissecting  needles  set 
all  four  free. 

Larvae  and  pupai  which  died  in  breeding  jars  and  pans  where  food  had 
been  purposely  cut  down  to  a  minimum  were  noted  as  being  untouched  until 
the  process  of  decay  set  in,  when  they  soon  disappeared,  and  a  spurt  by  one 
or  more  of  the  survivors  suggested  that  the  nutriment  set  free  had  been 
absorbed,  even  if  the  carcase  had  not  been  eaten  piecemeal. 

Experiments  carried  out  in  London  after  my  return  home  confirm 
NLacGregor's  observation.  Newly  hatched  larvae  when  about  to  moult  are 
apparently  devoured  by  those  which  have  attained  their  fourth  instar,  but  it 


•  "Journal  of  Tropical  Medicine  and  Hygiene,"  Sept.  ist,  1915  ;  No.  17,  Vol.  XVIII., 
pp.  193-6. 
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is  iiuestionable  if  danger  results  from  the  presence  of  third  instar  larvae.     A 
single  third  instar  larva  was  placed  in  a  pan  with  9  newly  hatched  ones,  after 
three  days,  no  food   being  present,    8  living  and  1  dead  larvae  were  [)resent  in 
the  pan,  in  addition  to  the  third  in!»tar  larva. 
Re  salty  negative. 

6  newly  hatched  larvit   were   placed   in   a  glass  pan  with  5  larvit  in 

their  fourth  ^kin.      After  24  hours  all  the  young  larvx*  were  present, 

some  of  them  having  moulted. 
2},  more   newly   hatched    larvae   were  added   to   the   pan    and  7  more 

fourth  skin  larvae,  so  that  the  numbers  st(jod  at  12  fourth  ->kin  and 

29  young  larvae,  mostly  newly  hatched. 
After  48   hours  all  the   young  larvit  were  still   living  and  one  of  the 

fourth  skin  laivce  had  pupated. 
After  72  hours  the  young  larvie  were  still  living. 
After  96  hours  the  young  larvit  were  still  living,  and   were   many  of 

them   in   their  fourth   skin,    while  several  of  the   fourth  skin  larvae 

had  pupated. 
Resu/t,  /le gat  ire. 

A  fresh  trial  was  made  with^ 

51  newly-hatched  larv;\;  and  20  fourth  skin  larv;e,  in  various  stages 
of  growth.  The  pan  was  of  the  same  size  as  in  the  previous 
experiment.  After  20  hours  only  35  of  the  newly-hatchetl 
larvae  could  be  found,  31  living  and  4  dead — a  mortality  of 
31  per  cent,  =  a  ratio  of  four- fifths  to  each  fourth  skin  larva. 
Of   the  living  larviV   13  had  attained  the  second  skin. 

Result^  positive. 

40  larvie  that   had  completed    their   first   moult   were  then  placed  in 

the  pan  with   22   larviis  in  their  fourth  skin. 
After    48    hours    all    the    second    skin    larvae    were    still     living,    a 

number  having  moulted  for  the  second  time. 
Result,  negative. 

1 2  newly  hatched  larvae  were  placed  with  5  in  their  fourth  skin 
into  a  small  glass  dish. 

After  48  hours  there  were  only  10  of  the  small  larvae  present 
and  I  of  these  was  dead,  a  loss  of  16  per  cent.  =  a  ratio  of  two- 
fifths  to  each  fourth  skin  larva. 

Result,  positive. 

Test  in  filtered  Manure    JJ'ater. 

200  newly-hatched  larviC  were  placed  with  20  fourth  skin  larv;e  in  various 
stages  of  growth. 

After   24  hours  onl\    176  of  the  \oung  lar\ce  could  be  found,  a  loss  of 
12  per  cent.  =  a    ratio  of  il    newly-hatched  to   each   fourth   skin 
larva. 
Resu/t,  /Positive. 

88  newly-hatched  larvi^  were  placed  with  4  in  their  fourth  skin. 

After  24  hours  only  82  of  the  young  larvae  could  be  found,  a    loss 

of  7   per  cent.  =  a  ratio  of  ih  to  each  fourth  skin   larva. 
Res //It,  positive. 
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70   iicwlv  luUc-hcil   larv.u   were   jjlaccd   wilh    10   in   their  fourth   skin. 

After  24  hours  only  68  of  the  youn^  larvai  could  be  found,   a   loss 

of  3   per  cent.~a   ratio  or    1,   to   each   lourlh   skin   larva. 
Krsii/f^  positive. 

Test  in  rican    '/n/^    lld^rr. 

I  10   newly-liatched    l;n\a'   were    placed   with    16    in    their   fourth    skin. 
After  iS   hours   only  106   of  the   younij;   larv:e  could   he  found,  a   loss 

of  4   j)er  eent.    -a   ratio  of  \  t(j  each   fourth   skin   larva. 
Ktsu/ty  positive. 
\-,K)   larva*   in   their   first   skins,  most  of  which   had  just  (;nicr^cd  from  the 
egg,   were  i)laced  wilh    20   in   their  fourth   skins. 

After   24  hours  all  the  young  larvae  were  present   hut  3   were  dead. 
Result.,  fiei^^ative. 

332   newly-hatched  larva}  were  placed  with   14  in  their  fourth  skins. 
After   18  hours  only  316  of  the  young  larvai  could  be  found,  a  Icjss 

of  5  per  cent.  =  a  ratio  of  1}    to  each  fourth  skin  larva. 
Resi//t,  positive. 

A  number  of  dissections  were  made  of  the  fourth  skin  larvae  used  in 
the  above  tests  and  also  of  fourth  skin  larvai  in  various  stages  of  growth 
which  had  been  kept  for  from  two  or  three  hours  up  to  a  day  or  longer 
in  jars  of  water  with  large  numbers  of  newly-hatched  ones.  No  remains 
of  small  larvje,  however,  were  traced  in  either  stomach  or  intestine.  Close 
observation  on  several  occasions  revealed  no  cases  of  ingestion  and  no 
desire  or  attempt  was  ever  evinced  by  large  larvae  to  catch  the  small  ones. 
Even  under  such  crowded  conditions  that  accidental  ingestion  seemed 
inevitable  the  act  was  never  witnessed.  The  sole  direct  evidence  of  ingestion 
obtained  was  the  head  capsule  of  a  first  skin  larva  recovered  from  faeces 
passed  by  a  fourth  skin  larva.  The  conditions  under  which  this  was 
found,  however,  preclude  it  being  a  case  of  the  swallowing  of  a  cast  skin 
unless  it  had  remained  in  the  gut  for  two  or  more  days,  as  none  of  the 
young  larvcX  had  moulted  during  the  period  of  the  experiment. 

On  the  whole  the  evidence  (especially  the  frequent  finding  of  dead 
first-.skin  larvae  in  containers  in  which  fourth  skin  larvae  are  present)  seems 
to  point  to  the  devouring  of  the  young  larvae  by  the  larger  ones  being  a 
matter  of  chance.  There  remains,  however,  the  possibility  that  cannibalism 
is  a  variable  habit  occurring  in  a  few  larvae  or  certain  strains  of  the 
insect  only. 

It  seems  therefore  that  the  fourth  instar  larvre  may  be  themselves  among 
the  most  formidable  agents  in  the  destruction  of  their  species.  The  habit 
of  breeding  in  small  collections  of  water,  while  saving  the  species  from  a 
death  toll  by  other  enemies,  enhances  the  opportunities  and  danger  of 
fratricide.  The  action  of  the  two  habits,  together  with  the  intermittent 
hatching  of  the  eggs,  will  be  that  of  a  sliding  scale  to  keep  the  adult 
population  at  a  comparatively  even  level.  It  will  be  a  matter  of  some 
interest  to  see  if  the  same  habit  of  fratricide  obtains  in  other  species. 

Apart  from  either  competition  or  fratricide,  breeding  in  small  scattered 
collections  of  water  largely  precludes  the  action  of  predatory  enemies 
during  the  larval  stage  of  this  species.  Ducks,  if  free  to  roam  about  the 
precincts  of  the  dwelling,  will  doubtless  do  an  enormous  amount  of  useful 
work  ;  they  will,   however,  destroy  other  predatory  enemies    of    mosquitoes, 
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such  as  frogs,  dragon  fly  larvae  and  water  beetles,  which  may  be  present 
in  the  larger  ixxjls,  without  discriaiination.  'Ihis  does  not  seriously  militate 
against  their  services,  however,  as  most  of  the  larger  predatory  insects,  at 
any  rate,  are  likely  to  have  a  wider  range  than  mosquitoes,  and  will  tend 
to  rapidly  repopulate  from  outside  the  areas  cleared  by  ducks. 

1'  ish,  which  are  of  great  value  in  holding  in  check  species  ot  mosquitoes 
which  breed  in  permanent  pools  or  streams  of  water,  are  likely  to  be  of  small 
value  as  enemies  of  S.  fasciata^  although  species  with  similar  habits  to  those 
of  carp  and  tench  might   be  utilised  in  water  butts  or  cisterns. 

Tadpoles,  as  stated  by  Stephens  and  Christophers  (1908)  and  other  authors, 
\X<^  not  attack  mosc[uito  larvai,  though  they  probably  have  a  checking  influence 
owing  to  competition  in  the  matter  of  food  supply.  Direct  experiment 
proved  that  even  in  a  crowded  jar  there  was  no  mortality  to  well  grown 
mosquito  larvae,  transformation  to  the  adult  stage  taking  place  as  usual. 
It  is  possible,  however,  that  the  small  larvne  undergoing  the  first  moult 
might   be  engulfed. 

A  small  water-bug  belonging  to  the  Micro  nee  t  a  was  found  in  very  small 
rock  pools  with  larvae  of  5.  stigens  and  Anopheles  costalis.  In  captivity  it 
attacked  and  sucked  the  juices  of  larvi^  of  S.  sugens.  Its  power  of  flight 
would  enable  it  to  transfer  itself  from  pool  to  pool  if  scarcity  of  food  or 
drought  rendered  them  untenable,  but  the  species  was  never  seen  in 
suflicient  numbers  to  warrant  the  supposition  that  it  would  do  more  than 
take  a  moderate  toll  of  the  larv?e  it  fed  on. 

The  presence  of  a  species  of  Os/racoda,  probably  belonging  to  the  genus 
Cypris,  in  breeding  pans  or  jars  appears  to  be  inimical  to  mos([uito  larvae. 
This  seems  to  be  due  to  competition  in  respect  of  food  solely,  as  the 
larvoj  {S.  fasciata)  added  to  water  containing  the  Ostracoda  live  for  a 
longer  or  shorter  time,  but  seem  unable  to  proceed  with  their  develop- 
ment, few,  if  any,  succeeding  in  attaining  the  adult  stage.  A  similar 
{)heiiomenon  has  been  noted  in  Englatul  with  regard  to  Culex  pipiens — 
small  pools  in  Eppmg  Forest  which  were  populated  with  a  minute  crus- 
tacean being  free  of  mosquito  larvi\i. 
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(C)   ADTLTS. 
(icucral  Notes. 

I'aiiiiiL;  aiul  tri-diiinr  vvith  Stcgomyia  fasciata  in  captivity  arc  not 
restricted  to  any  particular  period  of  the  day  or  ni^ht.  No  doubt  if 
an  accurate  census  could  be  taken,  the  late  afternoon  or  evening 
niiLjlit  be  found  to  be  the  most  favoured  period,  but  when  numbers  of 
recentl)'  emerc^cd  specimens  arc  placed  in  a  cage  pairing  commences 
almost  immediately,  and  feeding,  on  the  part  of  a  proportion  of  the 
females,  at  the  earliest  opportunity. 

There  seems  to  be  no  regular  precedence  of  one  or  the  other 
function,  but  females  heavy  with  blood  are  too  sluggish  to  pair  and  tend 
to  rest  low  down  in  the  cage,  or  even  on  its  floor.  Anything  less 
than  a  full  meal  only  slightly  impairs  their  activity  and  pairing 
proceeds  as  usual.  If  the  initial  meal  of  blood  be  interrupted  they 
will  feed  again  within  the  next  few  minutes,  satiety  being  evidently 
instinctively  aimed  at. 

Feeding. — The  effect  of  drought  as  a  deterrent  to  feeding  was  very 
noticeable,  both  in  the  cages  within  doors  and  especially  in  the 
mosquito  house  out  of  doors. 

In  the  cages,  both  by  day  and  at  night,  the  harmattan  periods 
did  not  interfere  with  feeding  and  ^^^  laying  to  any  extent,  because 
the  time  allowed  for  feeding  was  ample,  but  in  the  mosquito  house, 
where  the  visits  were  of  short  duration,  the  effect  of  dry  periods  was 
much  more  noticeable.  In  place  of  the  surging  swarms  which  usually 
rushed  on  their  prey,  only  a  few  individuals  put  in  an  appearance 
to  feed  on  my  entrance.  Within  a  few  minutes,  however,  the  insects 
issued  from  their  hiding  places  and  commenced  to  attack.  The 
evidence  as  a  whole  suggests  that,  while  the  dry  air  is  the  cause 
of  retirement  to  any  available  shelter  from  the  wind,  it  is  not  dis- 
inclination to  feed  that  prevents  the  mosquitoes  biting  so  readily, 
but  failure  to  recognize  the  presence  of  a  host.  Probably  it  is  the 
absence  of  odour  which  delays  attacks  in  dry  weather.  The 
bites,  if  numerous,  have  the  effect  of  inducing  a  profusion  of  per- 
spiration, especialh'  in  warm  weather  and  before  one  becomes 
thoroughl}'  inured  to  their  attacks,  while  the  free  flow  of  perspiration 
seems  to  attract  the  insects, 
0* 
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I'auin^  commences  during  tli^ht,  but  is  usually  ccjiisummated 
while  at  rest,  and  occupies  but  a  feu  moments  at  most.  The  position 
when  the  pair  have  settled  varies  considerably.  A  tail  to  tail 
position  was  observed,  but  is  rare  ;  side  by  side,  with  bodies  tilted 
at  an  anj^le  to  each  other  and  the  surface  on  which  they  are  resting 
is  not  uncommon,  but  the  usual  position  seems  to  be  for  the  male 
to  embrace  the  female  and  underlie  her  with  his  back  to  the  resting 
surface. 

General  observation  suggests  that  the  same  female,  [)ossibly  the 
same  i)air,  copulate  several  times  in  quick  succession,  but  no  experi- 
mental proof  of  this  was  obtained  when  a  single  pair  were 
segregated. 

Captiv^e  females  refuse  to  suck  blood  for  some  hours,  in  most 
instances  for  at  least  a  day,  prior  to  cy^^  laying,  and,  if  the  bulk  of 
their  egg  masses  are  not  extruded  on  the  first  night,  the\'  will  ncjt 
as  a  rule  feed  again  until  after  the  deposition  of  the  remaining  eggs. 
Evidence  is  afforded  b\'  the  record  of  the  female  used  in  Experiment 
No.   IX.  on  page  34. 

Vigorous  females  almost  invariabl)-  feed  within  twent>'-four  hours 
after  clearing  their  ovaries  of  mature  eggs,  and  on  the  following  day  as 
well.  On  the  third  or  fourth  da\'  they  usually  abstain,  a  fresh  batch  of 
eggs  having  developed.  Weak  or  elderU'  females  are  much  more 
erratic,  both  as  to  feeding  and  the  deposition  of  eggs.  There  is  direct 
evidence  in  Experiments  Nos.  XLI.  and  XLII.  of  the  retention  of 
eggs  for  considerable  periods  by  some  females.  The  proportion 
exhibiting  the  habit  is  not  large,  and  the  period  of  retention  is 
variable  ;  w  hile  it  is  possible  that  further  meals  of  blood  would  have 
induced  some  of  these  females  to  deposit  their  eggs  earlier,  it  is  to 
be  noted  that  the  habit  was  observed  in  a  few  instances  in  the  case 
of  females  which  were  afforded  nightly  opportunities  of  sucking 
blood.  Probably  the  habit  affords  evidence  of  a  more  or  less  latent 
instinct,  connected  with  aestivation,  which  preceded  the  evolution  by 
the  various  species  of  Stegoi/ivia  of  eggs  so  perfectly  adapted  to 
resist  drought  as  those  which  are  now  produced. 

A  single  full  meal  of  human  blood  was  found  to  be  sufficient  for 
the  development  of  the  ovaries.  Eggs  were  deposited  in  many 
instances  after  a  single  meal  of  blood,  and  trial  showed  that  these 
eggs  were  fertile. 

Females  fed  on  a  goat,  dogs,  a  ground  pig  (Bandicoot)  and  wild 
rats  (J/iis  nittiis)  also  developed  their  ovaries  after  a  single  meal  of 
blood  from   these   animals.     In  the   case  of  those  fed   on   Mi(s  rattiis 


trials  were  carried  out  to  sc-e  if  the  e<^<4s  were  rii)e  for  deposition.  A 
It'in.de  was  placed  in  a  jar  with  wet  filter  j)a|)er  and,  after  the  lapse  of 
a  few  da\-s,  dc^posited  a  hale  h  of  cp^f^s  which,  after  incubation,  hatched 
within  a  few  miiuites  of  theii-  iinnu-isioii. 

ilu*  laxiuL;'  of  e;^|;s  on  an\'  (h'et  otluT  than  cireulatinLj  blood  is  a  rare 
hut  not  unrecorded  phenomenon.  Ottoand  Neumann  (1905)  succeeded 
in  ohtainini;  fertile  c^gs  when  the  females  had  been  i'cd  on  blood  anrl 
salt  solution.  Two  instances  occurred  in  the  course  of  the  present 
research  of  sini^le  ei^i^s  beini^  laid  by  femak^s  that  had  no  opportunity 
of  feedini;"  on  a  livini^  animal.  In  one  case  the  females  were  (cd  (Jii 
blood  mixed  with  hone\%  in  the  other  on  blood  mixed  with  syru[x  In 
the  l.itter  instance  the  cgi^  proved  to  be  fertile.  These  foods  were 
chosen  with  the  special  object  of  testing  the  practicability  of  breeding 
with(Hit  allowing  them  to  feed  on  a  living  animal,  as  the  practical 
advantage  of  such  a  method  would  be  very  great.  In  the  face  of  the 
extreme  rarity  of  egg-laying  under  the  conditions,  however,  the 
experiments  must  be  considered  as  failing  of  their  purpose. 

Eggs  were  only  deposited  when  water  or  saturated  surfaces  were 
available.  An  experimental  test  (No.  XLIII.)  carried  out  with  a  view 
to  confirm  this  general  observation  resulted  in  a  single  infertile  egg 
being  laid  by  one  of  thirty-nine  regularly  fed  and  presumably 
fertilized  females. 

LengtJi  of  Adult  Life. 

It  is  impossible  to  ascertain  the  length  of  life  of  adult  mosquitoes 
under  natural  conditions.  Even  under  semi-natural  conditions  the 
difficulties  are  great  and  increase  just  in  proportion  as  nature  is 
simulated. 

The  larger  the  containing  cage,  the  greater  the  difficulties  of 
counting  and  obtaining  any  exact  figures  of  the  mortality,  while 
reduction  in  size  leads  to  difficulties  in  feeding  and  the  introduction 
of  specimens. 

In  either  case  a  small  mesh  netting  (18  X  18  to  the  inch  for 
5.  fasciata)  must  be  used  to  obviate  escape  ;  this  greatly  militates 
against  a  free  draught  of  air,  and  in  the  case  of  small  confining 
chambers  it  becomes  only  practicable  to  record  the  temperature 
and  humiditx'  in  the  immediate  vicinity  exterior  to  such  cages. 

Probably,  while  the  shielding  afforded  b\'  ca[)tivit\'  tends  to  reduce 
the  general  mortality,  no  artificial  conditions  can  be  arranged  so 
favourable  to  the  exceptionally  long-lived  and  Iuck\'  mosquito  as 
tho^e  obtaining  in   freedom. 
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The  ability  to  -ihilt  its  resting  place  U)  meet  the  needs  of  every 
change  of  humidity  or  temperature  both  daily  or  hourly  is  an  asset 
which  is  reduced  to  such  narrow  limits  by  caijtivity  as  to  be  all 
but  valueless. 

Two  plans  were  followed  to  obtain  feasible  results  in  this 
research  ;  the  one  of  confining  50  or  100  adults  in  wire  gauze  cylinders 
4J  ins.  X  2  ins.,  the  other  of  keeping  them  in  the  convenient  cage 
that  can  be  made  out  of  a  large  sized  hurricane  lamp  chimney, 
the  top  covered  with  fine  gauze  while  the  open  lower  end  is  placed 
downwards  on  a  i^ad  of  either  dr)'  or  wet  filter  pa[)er  placed  in  a 
wide  shallow  tin   lid. 

The  first  method  allowed  of  the  nearest  approach  to  natural 
conditions  of  drought  or  humidity,  it  was  jDossible  to  devise  with 
the  object  in  view,  while  the  latter  afforded  a  more  favourable  way 
of  testing  the  effect  of  different  foods,  egg-laying,  etc.  The  wire 
gauze  tubes  were  placed  in  a  variety  of  situations  but  the  necessity 
of  making  use  of  some  device  to  prevent  the  ants  reaching  them 
considerably  limited  the  possible  range. 

Mosquitoes  were  allowed  to  emerge  direct  into  the  tubes,  a 
plan  that  avoided  much  waste  of  time  and  allowed  of  accuracy  in 
respect  of  their  age,  but  had  the  disadvantage  that  records  of  sex 
and  numbers  could  onl\'  be  accurately  ascertained  after  their  death. 
The  sex  has  been  recorded  wherever  possible,  but  when  the  insects 
were  placed  in  damp  situations  the  remains  were  frequently  too 
mildewed  or  decayed  to  admit  of  their  sex  being  discriminated  ; 
while  in  some  instances  the  actual  numbers  after  the  mid  period 
of  the  experiment  are  approximate  only,  owing  to  the  same  causes. 
Such  situations  as  the  Well  in  the  Sanitary  Department  Compound, 
the  Pit  in  the  Mosquito  house,  and,  in  some  cases,  the  Yard  at 
26,  Westmoreland  Street,  led  to  trouble  in  this  respect. 

Ants  were  responsible  for  the  wrecking  of  a  number  of  experi- 
ments and  caused  both  waste  of  time  and  effort,  while  the  rotting 
through  of  the  cord  or  rope  used  to  lower  the  tubes  and  isolation 
pan  down  the  well  was  a  source  of  annoyance. 

In  all  the  experimental  records  the  period  of  life  tends  to  err 
b\'  the  length  of  the  period  between  each  examination.  In  every  case 
the  extreme  has  been  taken,  the  mosquitoes  being  assumed  to  have 
lived  up  to  the  date  on  w^hich  the\'  were  found  to  be  dead.  In  most 
cases  the  examination  was  daily,  but  in  the  Pit  it  was  occasionally 
every  other  day,  while  in  the  WV'll  only  two  examinations  a  week 
could  be  made,  so  that  the  error  might  amount  to  three  or  four  days. 


1 1    will   \)c  s.-ifc,   ihcivforc,  lo  assume  tli.'it    llic   lives  rccc^rdcd  .irc  tlic 
limits  under  the  particular  conditions  invoK-ed. 

Wilhoul  food  tile  adult  life,  under  faxourable  conditions,  altlnHi^h 
short,  is  I)\-  no  me.uis  inronsiderahle  lor  so  small  and  actixc  an 
insect,  an  a\c'r.ii;\'  ol"  ()  to  8  da\s,  with  an  extreme  of  12  days,  bein^ 
recorded.  This  compares  faxourablN'  with  the  rcc(jrds  in  wliich  forKJ 
was  tj^iven  in  less  suitable  situations.  It  would  ai)pcar  to  be  a 
L^cneral  rule  that  the  cMixironmental  conditions  are  more  imj)ortant 
than  the  food;  hone\- and  s}ru[)  given  under  moist  conditif^ns  giving  a 
longer  average  life  than  blood  under  dry  ones.  Another  point  which 
the  budget  of  record  shows  is  that  the  kind  of  food  given  makes 
far  less  difference  to  the  axerage  length  of  life  than  it  does  to  that 
n['  the  exce[)tionall\'  long  lixed   indi\iduals. 

The  second  plan  was  used  in  the  attempt  to  ascertain  the  extreme 
age  limit  under  favourable  conditions  when  fed  on  varicms  foods. 

Hurricane  lamp  chimney  cages  were  also  employed  in  the  exjjeri- 
ments  dealing  with  egg  production  on  a  single  meal  of  blood  and  the 
attempt  to  induce  egg-laying  by  giving  a  mixture  of  blood,  either 
fresh  or  dried,  with  honey  or  syrup  as  food.  The  air  in  these  cages 
would  be  still,  if  not  stagnant,  so  that  the  use  of  a  dry,  in  place  of  a 
wet  filter  paper,  as  a  base  in  some  of  the  trials,  would  not  necessarily 
cause  a  dr\'ing  atmosphere,  though  of  course  it  would  be  dry  if 
compared  with  the  saturated  conditions  which  obtained  when  the 
base  rested  on  wetted  paper  and  the  gauze  top  was  covered  \vith  a 
piece  of  glass.  All  the  experiments  in  which  these  lamp  chimney 
cages  were  used  were  carried  out  at  the  quarters  in  Westmoreland 
Street,  so  that  the  working  room  temperature  and  humidity  chart 
applies  to  all  of  them. 

In  the  second  series  the  advantages  of  moist  over  drier  conditions 
are  far  less  apparent,  in  fact,  the  suggestion  is  rather  that  humidity 
ma\'  be  in  excess  of  what  is  desirable  from  the  mosquito's  point  of 
view.  This  impression  is,  however,  partly  due  to  an  accident  causing 
a  high  concentration  of  the  syrup  given  as  food  in  one  of  the 
experiments,  and  also  to  the  fact  that  a  number  of  the  insects  got 
their  legs  into  a  sticky  condition,  and  this  apparently  raised  the 
death  rate  at  an  early  period  of  the  experiment.  On  the  whole, 
s\TU[)  gave  a  better  result  than  honey,  possibl}'  because  it  was 
more  fluid.  Banana,  again,  gave  less  favourable  results  than  either 
hone}'  or  sx'ruj)  ;  this  may  also  be  owing  to  the  fluids  in  the  over- 
ripe fruit  being  less  easily  obtainable  than  s\'rup  from  cotton- 
wool.    The  longest  female  lives  recorded   in  the  series  are  of  those 
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feci  wii  ci  mixture  i»f  blood  and  syrufj  or  blo(jd  and  honey.  The 
average  ratio  of  Hfe  of  the  males  in  comparison  with  that  cA  the 
females   would   seem  t(j  be   from  about   3  to   5   cjr  2   to  j. 

An  experiment  (\o.  XL  III.)  carried  out  with  the  double  (object 
ij{  ascertaining  if  the  females  would  lay  eggs  apart  from  water  or 
wet  surfaces,  and  their  length  of  life  when  well  fed  on  human 
blood  under  these  conditions,  shows  that  such  circumstances  are 
not  detrimental  to  longevity,  the  average  life  of  31-3  days,  with  an 
extreme  of  74  days,  comparing  not  unfavourably  with  that  rec(jrded 
when  the>'  aie  afforded  opportunities  of  oviposition. 


Experiment  No.  XXX III. 

CHOICE  OF   SirCAlION    FOR    OVU'OSiriOX   BV   FFMALFS 
OF    .V  TEGOMYIA    FASCIA  TA. 


At  an  carlv  stULie  o{  the  research  trials  were  commenced  to  see  it 
ovipositing  females  lay  their  eggs  in  any  receptacle  containing  water  without 
reference  to  its  situation  or  if,  as  is  commonly  stated,  they  show  a  preference 
for  certain  rooms  or  positions.  Various  utensils  containing  water  were  placed 
in  the  basement,  outbuilding,  yard,  living  room,  bedroom,  etc.,  in  the  quarters 
at  26,  Westmoreland  Street. 

A  careful  search  was  made  every  three  or  four  days  for  a  month.  The 
record    is    as   follows  : — 

Bedroom. —  i    larva,   .5.  faseiata. 

Bathroom. — A  few  larvai  and  ova  of  S.  /aSiiata,  also  a  hatch  of  eggs 

of  Culiciomyia  nebulosa. 
Covered    Wooden    Gallery    (containing    pantry   and    sink    where    the 
"  boys  "  wash  u[)). — A  few  eggs  and  kuvie  of  ^V.  faseiata. 
These   latter  occurred  in  a  water  pan  in  which  one  of  the  legs  of  the  safe 
was  placed.     It  is  possible  that  they  resulted   from    eggs   left   over  from  the 
previous  tenancy.     The  basement,   yard.,  kitchen,  store-room,  dining-room,  and 
living-room  were  all   negative. 

This  preliminary   trial   was   followed    by  another,   covering   the   month  of 
October,  in  which  new   card  cream  jars  of  one  pint  capacity  were  used,  the 
jars  being  half  full  of  filtered  rain  water.     The  situations  were  as  follows  : — 
Bedroom. 
Dining-room. 
Sitting-room. 
Store-room. 
Hall. 
Basement  fronting  on  the  street,  kept   closed  but  opening  on  the  yard 

through  an  unglazed  window. 
Gallery  with  pantry  and  sink. 
Kitchen. 
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llallirooiii. 

Room  Itrncatli  h.ithroom  where  llic  house  boy  sleiJt. 
Cellar  i)eiieath  kilchen. 
Van!. 
Carel'iil  si-arch   for  ej^gs   and   larv;e  was   macle  every  tiiree   or  four  days 
(twice  a  week). 

Resit  I /r. 

Onlv  the  jar  in  the  kitchen  was  visited.  'The  water  in  this  jar  became 
very  thick  and  foul  owinij;  to  dust,  dirt  and  insects  fallin*,'  in.  Nuni))ers  of 
eggs  of  S. /asiia/(i  were  laid  in  it.  Although  the  jar  in  the  gallery  was  not 
visited  two  of  the  water  pans  in  which  the  legs  of  the  safe  stood  had  eggs 
laid  in  them,  and  a  jar  of  water  in  the  sitting-room  in  which  some  cut  plants 
were  placed  also  received  the  attention  of  an  egg-laying  female.  'J'lie  small 
jar  i)laced  in  the  yard  was  not  visited,  but  a  large  tin  bowl,  put  out  with  the 
object  of  getting  a  supply  of  rain  water,  was,  and  soon  produced  numbers  of 
larvne  of  S.  fascia  fa,  among  which  were  some  of  Eretmopodites  (luiiiquevittatus 
and  .v.  /uteocepJiala. 

In  the  mos([uito  house  a  wooden  tub,  several  tin  |)ans,  and  basins,  and  a 
new  galvanized  iron  pail  were  used.  Both  the  tins  and  wooden  tub  were 
favoured  :  the  pail  was  avoided,  and  several  successive  lots  of  larvae  put  in 
died  off  almost  immediately. 

It  was  not  until  after  the  pail  had  been  twice  thoroughly  scrubbed  out 
with  soap  and  water,  and  allowed  to  stand  in  the  sun  for  a  week,  full  of  rain 
water,  that  it  became  a  possible  breeding  place  for  S.  fasciata.  Altogether, 
with  the  various  tests  in  between  the  scourings,  etc.,  it  took  a  matter  of  six 
weeks  to  two  months  before  the  pail  was  serviceable  for  breeding  purposes. 


Experiment  No.  XXXIV. 
BAIT.S   TO   ATTRACT    PREGNANT   FEMALES. 

The  perusal  of  minute  Ref.  CO.  51,476,  24th  December,  1914,  together 
with  the  attached  papers  concerning  a  mosciuito  trap  suggested  by 
Dr.  E.  Peter,  of  Duala,  Kameroons,  led  to  further  experiments  designed 
to  throw  light  on  the  extent  to  which  ovipositing  females  select  water 
contaminated  with  organic  matter  in  preference  to  clean. 

1st  Trial. — A  number  of  freshly  emerged  S.  fasciata  were  put  into  a 
large  cage.  Honey  was  supplied  for  the  males  while  the  females  were 
afforded  ample  opportunity  of  imbibing  human  blood  every  night. 

Two  beakers,  each  containing  200  cc.  of  tap  water,  had  six  slips  of 
filter  paper  arranged  with  one  end  in  the  water  and  the  other  turned  over 
the  rim. 

In  one.  A^  nothing  was  added,  in  the  other,  />,  two  dead  grasshoppers 
were  placed.  Both  were  placed  in  the  cage  containing  the  mosquitoes, 
and  their  relative  positions  were  reversed  during  the  course  of  the 
exi)eriment. 
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After  five  days  the  water  in  />*  was  tloudy  and  thick  with  a  scum  on 
the  surface  ;  it  also  smelt  hadlv.  'I'he  water  in  A  was  not  appreciably  less 
clear  than  at  the  start. 

In  Ay  62  eggs  (14  pel  Lcui.  (jf  the  total)  were  laid  on  the  filter 
paper  at  various  distances  between  water  level  and  one  inch 
above  it,  mostly  about  midway  up. 
In  B,  392  eggs  (86  per  cent,  of  the  total)  were  laid,  28  on  the 
surface  scum,  the  remainder  on  the  filter  paper  over  a  much 
wider  area  above  water  level  than  in  A. 

2nd  Trial. — Into  the  same  cage  three  beakers  prepared  as  previously 
were  placed. 

Into  ./,  tap  water  only. 

Into  /)*,    I   cc.  of  sheep's  bile  that  had  been  kept  for  three  months. 

Into   (',    "5  gr.  of  Bile  Salts  (Sodium  Taurochlorate). 

After  two  days  in  the  cage  eggs  had  been  deposited  as  follows : — 

A.  58  eggs  on  the  filter  paper  I  65    eggs  =23    per    cent. 

7  eggs  on  the  glass  or  water  surface  )  of  the  total  laid. 

B.  71  eggs  on  the  filter  paper  (  100    eggs  =  35    per   cent. 
29  eggs  on  the  glass  or  water  surface  (  of  the  total  laid. 

C.  99  eggs  on  the  filter  paper  )  119    eggs  =  42    per   cent. 
20  eggs  on  the  glass  or  water  surface  )  of  the  total  laid. 

j/-^/  Trial. — Four  beakers  were  prepared  as  previously. 
Into  Ay  tap  water  only. 

Into  By  '5  gr.  of  dried  and  powdered  cockroach. 
Into   Cy    '5  gr.  of  dried  and  powdered  leaves  of  cottonvvood  tree. 
Into  Dy   "5  gr.  of  dried  crushed  rice. 
The  beakers  were  then  placed  in  an  incubator  at  95°  F.  for   24  hours 
and    then    put    into    the    cage    with    the    mosquitoes    for    two    days,    their 
positions  being  changed  about  after  the  first  day. 

After  two  days  in  the  cage  eggs  had  been  deposited  as  follows  : — 

A.  418  eggs  on  the  filter  paper  1  433    eggs  =  26    per    cent. 

15  eggs  on  the  glass  or  water  surface  j  of  the  total  laid. 

B.  667  eggs  on  the  filter  paper  1  7^7    eggs  =  48    per   cent. 
120  eggs  on  the  glass  or  water  surface  f         of  the  total  laid. 

C.  160  eggs  on  the  filter  paper  |^  188    eggs  =12    per    cent. 

28  eggs  on  the  glass  or  water  surface  j  of  the  total  laid. 

D.  231   eggs  on  the  filter  paper  )  237    eggs  =14   per   cent. 

6  eggs  on  the  glass  or  water  surface  )         of  the  total  laid. 

In  all   1,645  ^%%^  \s^xQ  laid. 

The  water  in  B  had  a  whitish  surface  scum  and  smelt  badly.  In  C  it 
was  pale  brown  and  smelt  rather  like  weak  tea.  In  D  it  was  thick  and 
cloudy  without  any  noticeable  smell. 

While  the  evidence  of  selection  in  all  three  trials  appears  definite,  it 
is  very  far  from  being  of  the  unanimous  unvarying  character  that  might 
be  expected  from  a  deep  seated  instinct  coupled  with  larval  needs.  On 
the  contrary,  it  carries  with  it  a  certain  suggestion  of  bias  on  the  part  of  the 
females  in  reference  to  their  own  tastes,  largely  parallel  but  not  necessarily 
identical  with  provision  for  their  offspring  ;  otherwise,  why  the  neglect  of  the 
suffusion  of  leaves,  possibly  bitter,  and  rice  water,  possibly  sour,  either  of 
which  would  afford  better  chances  for  larval  development  than  plain  water  ? 
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lm)i:r  nakious  condiiions. 

Ill  coiisidrriiii;  llu-  n-lativc  U-iii^lh  of  life  as  rccfjrdcd  in  ihc  various 
trials,  the  situation  as  well  as  leinperaUue  and  humidity  must  be  borne 
in  mind,  as  local  conditions  have  a  (juite  considerable  influence  on  the 
amount   of  droui;ht   and   circulation   of  the  air. 

Charts  lecordini;  the  temi)erature  and  humidity  in  the  vaiious  places 
wheri-  the  ti'sts  were  made,  follow  the  descriptions  of  these  situations.  In 
addition,  a  chart  comi)iled  from  the  oflicial  Meteorological  Report  of  the 
()  a.m.  readings  at  the  I-'rjetovvn  Meteorological  Station  is  appended  as 
a  guide  to  the  general  conditions  obtaining  during  the  months  that  no 
records  were  taken  in  the  various  trial  situations.  The  record  for  the  well 
only  covers  the  actual  periods  of  the  tests  and  is  not  translated  into  a  curve. 

.\  i)artial  re::ord  of  the  maximum  and  minimum  temperatures  and 
weekly  extremes  is  also  appended.  This  covers  the  period  from  September 
nth  to  December  4th  in  the  laboratory,  from  December  4th  to  February 
27th  in  the  animal  house,  and  from  Febiuary  27th  to  July  31st  in  the 
mos(iuito  house,  and  affords  some  idea  of  extremes  registered  in  these 
three  situations.  As  oidy  one  registering  thermometer  was  available,  it 
was  a  matter    of   choice  between    one  complete  or  several    partial  records. 

A  record  of  temperature  and  humidity  in  the  laboratory  is  included 
in  the  "  ("leneral  Notes"  prefacing  the  larval  section. 

)'ard  at  Quarters,  JVestmore/and  Street.— 'V\\\^  was  small,  overhung  by 
trees,  surrounded  on  three  sides  by  buildings  and  on  the  fourth  by  a  high 
wall.  No  weeds  were  present  on  the  small  plot  of  soil  where  the  pen 
was  fixed.     On  the  whole  a  cool,  moist,  favourable  situation.     {See  page  92). 

Cage  in  Quarters,  Westmoreland  Street. — This  stood  on  a  table  about 
4  feet  from  the  ground  on  the  first  floor  facing  the  stairw^ay.  This  situation 
was  dark,  a  few  gleams  of  late  afternoon  sunlight  being  the  most  that  ever 
penetrated  to  the  cage,  but,  on  the  other  hand,  it  was  well  ventilated. 
\See  page  93). 

Compound  at  the  Hospital — The  pen  was  placed  in  an  open,  sunny 
spot,  slightly  shaded  at  midday  by  eucalyptus  trees.  The  insects  confined 
here  were  subjected  to  greater  extremes  of  heat  and  drought  than  in  any 
of  the  other  situations.     {See  page  94). 

Animal  House. — (Plate  No.  20,  page  96).  Darker,  cooler  and  less 
well  ventilated  than  the  cage  at  quarters  in  Westmoreland  Street.  The 
air  would  also  be  cooler  and  more  moist  at  night.     {See  page  95). 

Mosquito  House. — (Plate  No.  21,  page  96).  This  was  sheltered  under  a 
small  but  densely  leaved  tree  and  also  by  a  tall  shrub.  It  was  shut  in  on 
east  and  south  by  buildings  and  on  the  west  by  a  high  wall  a  few  yards 
distant  from  it.  On  the  north  it  was  exposed,  but  obtained  some  shelter 
from  two  small  trees  about  ten  yards  away.  On  the  whole,  a  shaded 
situation  tending  to  be  both  cool  and  moist.     {See  page  97). 

Mosquito  House  Pit. — The  pit  within  the  Mosquito  House  was  two 
feet  by  two-and-a-half  feet  in  area,  and  two  feet  deep,  lined  with  rough 
[blanks.  It  was  covered  by  a  wooden  lid,  which  left  an  open  crack  half 
an  inch  wide.  'Hiis  situation  was  very  dark,  ill  venlilated  and  humid. 
{See  page  98^. 
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(.'hart  No.  2. 

Curves     or     Tkmperatukil     and     Humiditv     in     Yari»     ai 
26,  Wemmorel.and  Stklli,   I'kEF.rowN,  SifckkA  J.eone. 
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Chart  No.  3. 

Curves  of  Temperature  and  Humidity  in  Workino  Room  at 
26,  W'lf.^i MoKKi.AXD  Strki:t,    Frkktown. 
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Chart  No.  4. 
Curves    ok    Temperature    and    Humidity    in    Compound    at 

(oiOMAf.    HOSI'IIAI,     FkKETOWN. 
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("hart   No.   5. 
Curves  or  Timi-kr attrk  a\i.   HrMiDirv  in  Animal  HorsR  at 
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Plate  No.  20. 
Animal    House,  Colonial  Hospital,  Freetown. 


I'hrfe  No.  2  1. 
The  Mosquito   House. 
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(  11  \K  I    No.   6. 

CURVKS    OK    'rKMI'KRAIlRK    AND    Hu.MIDITV    IN    MOSQUITO    HOUSK    AT 
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Chakt  N(j.  7. 

Curves  of  Tenu'ERAtuke  and  Humuhiy  in   1111.   MoscjuiTO 

House  Pit. 
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Temperature 


Humidity 
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//V//.     (  riatc  No.  22).     'I'liis  was  covered,  1  tut  owing  lo  the  larger  air  space 
ii  was  l)etter  NCDlilated  and  less  Inimid  than  tln'  pit  in  ihe  mosquito  house. 


Plate  No.  22. 

Well  in   Sanitary  Department  Compound,  showing  method   of  suspending  tubes 
containing  adults  under  a  tin  of  water  to  isolate  from  ants. 

Temperature  and  Humidity  Records  at  3   feet  ahove  Water  Levei, 

IN'  THE  Well  in  the  compound  of  the  Sanitary  Department, 

Water  Street,  Freetown. 
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The  following  tests  were  carried  out  in  the  ahove-mentioned  situations, 
and  the  results  were  a>.  follow^  : — 


Yard  ai   26,  Westmoreland  Street. 

Unfed. 

141    emerged    23rd   to    25th    January.      Period    of  experiment,   25th  to 
2Sth  January.     71   males,   70  females. 

85   li\ed   I   day    | 

41)      „      2  days  /  Average   1  "4  days. 

7       >)      3     >>     J 
141 


Fed  Hduey. 

91   emerged    i6th  to    i8th    December.      Period    of   experiment,    i8th   to 
2Sth   December.     34  males,  57  females. 

4  lived     5  days  |   .,,  in        1 

^  ^  ;■  Ail  or  nearly  all   males 

4  n  O        n         ) 

41       „        8     „  ;>Average   '^'^  days. 

ol>       »>         9     M 
9       M       10     „ 

91 


Fed  Th'ui  Syrup. 

About  100  emerged  27th  February  to   1st  March.     Period  of  experiment, 
ist  to  15th  March. 

5   lived      1    day 

4  „        4  days 
3       n        6      „     I 

5  ..        8      „     V  Average  9-3  days. 
24       „       10      ,, 

6  „      12      „ 
9       n       13       M 

56  unfinished. 


Ants  got  into  the  tube  and  carried  off  all  that  remained.  To  accomplish 
this  they  must  have  crossed  a  two-inch  water  surface  or  have  dropped  three 
inches  from  the  roof  of  the  pen  on  to  the  tube. 


I03 


./  Second  Attempt.  —  i  14  cmcr^'c^d  2ih1  to  .jtli  April.     Pdiifxl  of  experiment, 
.}lh  to  2Stli  Ajiril. 


5    livid      1    (lay 
2      ,,        2  days 
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'> 

4         n 
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7      „ 
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H      „ 

15 

•o      », 
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I  '       „ 

13 

I  2 
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15        , 
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16      ,, 

2 

-M         n 

Average  8'6  clays. 
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Fed  on  Blood* 


15  miiuites'  opportunity  for  feeding  given  daily.  103  emerged  28th  to 
30th  December.  Period  of  experiment,  30th  December  to  7th  February. 
51  males,  52  females. 


8 

lived 

I 

da 

6 

0 
0 

da 

4 

4 

>) 

6 

5 

>> 

14 

6 

») 

II 

7 

)» 

7 

9 

n 

I 

10 

J) 

6 

1 1 

n 

4 

14 

J5 

16 

16 

55 

8 

17 

55 

2 

18 

)5 

I 

19 

55 

I 

22 

55 

4 

^Z 

55 

2 

24 

55 

I 

35 

55 

I 

39 

55 

)  Average  io"8  days. 
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•  In  tests  when  the  mosquitoes  are  fed  on  blood,  allowance  nuibt  he  made  for  the  average 
being  reduced  by  the  early  death  of  the  males. 


104 

In  Caok  in   Room  at  26,  Westmoreland  Street. 

Fed  Honey, 

42    emerged     25th     to     26th     November.      I'criocl    ot    experiment,    26th 
November  to  30th  December.      16  males,  26  females. 
i6  lived     9  days 
4      n       10      ., 
9       n        ^3       n 
10      ,,       15      „        Average   ii't^  days. 

I  M  22         ,, 

I  ,»  24         „ 

42 


Fed  Hunev. 

75   emerged    22iid    lo    241I1    December.       i'eriod  of  experimciU,    241I1  lo 
30th  December.      9  males,  66  females. 

3   lived   3   days  j 

Average  4*6  days. 


a^ 
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-+ 

»> 

32 

?» 
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>> 
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>) 

() 

>• 

75 


Hospital  Compound.     (Slight  Sliade.) 

Unfed. 

124  emerged    19th   to   21st  January.      Periotl  of  e.\[)L'rinieiit,  21st  to  24tli 
Jaiuiar)-.     39  males,  85  females. 

9   lived    I    day    I 
103       ,,      2   days     Average   2   days. 
12       „      3       „    ) 

124 

Fed  Honey. 

173   emerged    i8th  to   20th   December.      Period  of   experiment   20th  to 
26th  December.     99  males,  74  females. 

8   lived  2   days 

7  n  3         " 

51       „      4     „      -Average  5*2  days. 

S7  n         5        " 

20         ,,        6        ,, 

173 


loq 


Frd  on   BIooiL 


15  minuti'>>'  ()|)|)()i  tiinil\  i;i\cii  cacli  (la\.  106  cmtT^cfl  2<Stli  to  30th 
l)ei'cml)cr.  I'criod  oT  cvpcriuit  nt,  _^olli  I  )fcciiil)(r  lo  1 -Slli  j;iiui;ii  y.  56  males, 
50  rcnialcs. 

S   lived      \  (lays  )  ,.    ,  , 

*'        ^     \  2\   ot    these   were    males. 

^  M  5         »' 


I 


^)     . 


^  •'  / 

18  „  8 

20  ,.  II 

I  , ,  \(^ 

1  „  I  y 


]  Average  7*2  days. 


I'Vedini;'  was  (jmilted  011  i  ilh  da)' 
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Mos()UiTO   House  Pit, 


Unfed. 

Al)()Ut    100  emerged    17th   lo    lyth  January.      Period  of  experiment,  19th 
lo  31st  Jaiuiar).      Examination  for  sex  omitted. 

2  lived     4  days  ") 
34      5>        5      "      I 

21  ,,  1  :,  \ 

v)7        "         ^      It      \ 

3  M      lo      "      I 


Average  6*8  days. 


12 


100 


/'>^  Honey. 


About   100  emerged   7th  to  9th    January.        Period    of    experiment,  9th 
January  to  6th   l-'ebruary.     Sexes  unrecognisable. 

2   lived     8  days  ] 
21        .,      15 


27  ,.  17 

9  V  i« 

34  »  20 

3  »  24 

2  „  26 

2  „  28 


1^  Average  i8*i  days. 


100 


io6 


MO-'.QUllU    HuL  ^E — bUSPENUED    2    INCHES    Cl.hAk    OF    SOIL. 

Fed    Honey. 

48  emerged  5th  to  6th  December.      l*eriod  of  experiment,  6th  to  20th 
December.     11  males,   26  females. 

3  Hved     7  days 

14  „  ^  ,» 
10  „  9  „ 
i6       ,,     10     ,,      j^  Average  92  days. 

2       „      II     „ 
2       „      12     „ 

I        „      14     n     J 
48 


Mosquito  House — On  Ground  and  Covered  with  Fallen  Leaves. 

Fed    Honey. 

100  emerged  iS-2oth  December.  Period  of  experiment,  20th  December 
to  20th  January.  Within  four  days  the  ants  had  killed  and  carried  away 
all  but  seven  or  eight.  These  were  gradually  killed  off.  Two  managed 
to  escape  until  the  9th  of  January. 

Longest  life,  20  days. 


Mosquito  House — Suspended  5  Feet  from  the  Ground. 

Fed  Honey. 

60   emerged    iith    to    12th    December.      Period   of  experiment,    i2lh    to 
22nd  December.     30  males,  30  females. 


3  lived      1   day 
27       „        2   days 

27       ,»       3     »' 

1  „        4     M 

2  „  10     ,, 


Average  2*7  days. 


60 


lo: 


Mos(.irn{)   Hoi^sk   I'li. 

lu-d  on   Blood!'' 

At   weekly   intervals,   no  other  food.      About    i  oo   emerged,   17th   to  19th 
aiuiary.      Period  of  e\i)eriineiU,    19th  January  to  8th    I'ebruary. 

}   days 


[-  Average   7  '9  days. 


2 

lived 

■1 

23 

,, 

5 

16 

,, 
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3« 

<S 

14 

10 

2 

1  2 

r 

'4 

I 

16 

I 

18 

2 

20 

100 


Well  in  Samtarv  Department  Compound  (about  20  to  25  teet 

to  water  level). 

I>ined  masonry,  about  6  or  8  feet,  through  surface  soil,  unlined  through 
the  solid  laterite  rock,  diameter  5  to  6  feet.  Tubes  let  down  to  within 
3   feet  of  water. 

Fed  Honey. 

About  ICO  emerged,  17th  to  18th  December.  Period  of  experiment, 
1 8th  to  26th   December. 

There  were  never  any  dead,  but  tell-tale  remnants  of  legs  and  wings 
showed  that  the  ants  were  at  work.  All  the  specimens  were  killed  and 
carried  off  within  eight  days. 

Another  attempt  was  made,  an  antiformica  of  suitable  design  being  used. 
About    100    emerged    13th    to    14th    January.        Period    of  experiment, 
J 4th  January  to   nth   February. 

6  lived   10  days 

8       „       13      n 

-Average  at  least  i7'8  days. 


46 

5» 

17 

1 1 

)? 

20 

20 

J» 

24 

91 

Tlie  experiment  was   unfinished,  as   the   cord    rotted    through,    and    the 
antiformica  tube  and  contents  were  lost. 

*  Allowance  must  be  made  for  the  early  death  of  the  males  which  were  present  but  in 
undelermiiicd   numl)ei.s. 


loS 


Fed  Thin  Syrup. 

About    loo    emerged    24th    lu    26th    February.       Period   of   experiment, 
26th   February  to   23rd   Mardi. 

14  lived      7   days 
10       .,       II       ), 


16 
43 


14 

18 
2  1 


Average    14*3  days. 


94 

The    experiment    was    unfinished,  as  the  rope  rotted  through,   and    the 
antiformica  and  tubes  with  it  were  lost. 

A  later  attempt  was  made,  copper  wire  being  used  in  place  of  rope. 
About    100   emerged   31st   March   to   2nd  Ai)ril.      I'erifxl  of  experiment, 
2nd   to   27th  April. 

5   li\ed     4  days 


\  Average    r  1  "3  days. 


18 

7 

»» 

47 

1 1 

1  > 

iS 

14 

8 

16 

) » 

2 

21 

., 

2 

25 

1  5 

100 


Given    One  Meal  of  Bloody   then  Fed  on   Syrup. 

About    100   emerged    24lh    to    26tii    February.       I'eriod    of   exi)eriment, 
:6th   I'ebruary  to    19th   March. 

10  Uved     7  days \ 

39       n       11       ,, 
3      „      14      ,,     j- Average  13-4  days. 

30      ».       1^      >' 
2      „      21 


84 


Experiment  was  unfinished,  as  the  rope  rotted  through. 

Another  attempt  was  made,  wire  replacing  the  rope. 

About    100  emerged  31st   March   to  2n(l  Af)ril.      Period  of  experiment, 
2nd  to  23rd  April. 


Average    1  i  "S  davs. 


4 

lived 

4 

days 

18 
'?8 

7 
1  [ 

6^ 
25 

14 

14 

18 

I 

2  1 

TOO 


I09 


Animal   IIousk — Suspkni»i,ii    \i:ol'I"   2   kkkt  ahovi',   I''i,ook 


Av/   Honey. 

51   (•iucrL;('{l   ()th  to  lolli    I  )cciinl)cr.      Tciiod  of   cxpci  iiiuMil,   lolli   to  18th 
)c(X'ml)cr. 


\  li\i'il     ,^  (lays  \ 

51 


Avi;nigc   5*7   days. 


K.xpcrimcnt    A'o.    XXXVI, 

i,EN(;rii  oi'   LiKi-:  of  males  and  females  \\hi:x  i  i:i) 

ON    BANANAS    ONLW 

A  litllc  water  was  added  if  the  'oanana  was  not  juicy.      Kept  in  a  H.L.C.* 
cage  over  wet  filter  paper.     Emerged  17th  to  19th  March. 


Date 

of 
death. 


20  Maicli 
''  I 

'■>  -y 

,, 

26  , 

2S  „ 

31 

I    April 

4  „ 

6  „ 

7  „ 

5  ., 
9 

10 
1 1 
•3 
14 

21 

24 
26 
27 

30 
4  May 


Males. 


I    (lead 

6     „ 

Nil 
I   dead 

I      •, 
Nil 
I   dead 


—      J) 

3  5) 

r  „ 
Nil 
I  dead 
I  » 
I  „ 
I      ., 


Nil 


Females. 

Nil 
I    dead 

1  „ 

2  „ 
2        ,. 


Nil 

2  dead 

3  dead 

2  „ 

3  ,, 

1  „ 
Nil 

2  dead 
2     „ 

6  „ 
2  „ 
2     ,, 


42 


Nunil)er 

of  days  after 

emergence. 


I 
2 
3 

4 

7 

9 

10 

II 

12 

13 

16 
18 

19 
20 
21 
22 

25 
26 

30 
33 
36 

38 

39 

42 
46 


Remarks. 


Average  life:    males  10*9  days;    females  19*6  days. 


Longest 


46 


*  Caj;e  made  out  of  a  hurricane  lamp  chimney.     See  ilhistration,  paijc  175. 


1  lO 


Experiment  ^'o.   AAA'/'//. 

LKNGTH    OF    III  K    OF    MALES    AXD    FEMAFKS    FED    0\ 

SVRUP    ONLY. 


Kept  in  a   H.L.C.  cage  over  2vet   filter  [)aper. 
February. 


I'hiicrged    171I1   lo    iijlli 


Date 

1 

1 

Number 

of 

Males. 

F 

trinales. 

of  days  after 

Remarks. 

death. 

emergence. 

I 

20  February 

I 

dead 

Nil 

28 

2 

> » 

I 

dead 

9 

I    March 

5 

» > 

2 

> » 

10 

Fntlcr  these  moist  conditions  the 

2 

I 

> » 

I 

» > 

II 

insects  are   prone    to   get     their 

I 

? » 

Nil 

12 

legs    smeared    with    syrup,  antl 

4 

I 

1  > 

>» 

13 

this  causes  a  certain  amount  of 

6       „ 

2 

1 1 

1  > 

15 

mortality. 

7       » 

2 

» ) 

J  > 

16 

8       „ 

I 

1 1 

I 

dead 

17 

II 

I 

J 1 

4 

1  > 

20 

12 

3 

, , 

I 

)  > 

21 

14               M 

2 

•"1 

Nil 

23 

15 

4 

1  > 

3 

dead 

24 

16               „ 

Nil 

15 

* 
1  > 

25 

*A  tiny  leak   in   the   syrup  pan  led 

17 

I 

dead 

7 

) » 

26 

to  a   high  concentration,  which 

18               „ 

Nil 

I 

»» 

27 

may  have  been  partly  responsi- 

19              M 

I 

dead 

3 

» > 

28 

ble  for  this  sudden  increase  in 

20 

Nil 

2 

>  > 

29 

the  death  rate. 

21 

>  > 

1 

1  > 

30 

23               » 

>> 

2 

J  > 

32 

31                „ 

J  • 

I 

>  J 

40 

5  April 

» > 

I 

J  > 

45 

7       „ 

>  J 

I 

'  > 

47 

9       » 

t  > 

I 

»» 

49 

10       „ 

I 

ilead 

Nil 

50 

21       „ 

Nil 

I 

dead 

60 

29 

49 

Average  life 
Longest    „ 


males,  17 "6  days;  females,  26*3  days. 


]  I  I 


j:.\pi' rime  lit  i\o.  AAA  /  ///. 

LKNCI  II    ol     I. Ill':    ol'   M  AI.I.S   AM)    I  lOMAM'S    li:i)  ()\  S\RU1' 
ONIA    (l;()ll,i:i)    WA'II.K    AM)     lATiO    CUIilO    SLAiAR). 


Kf])!    ill   .1    ll.l,.( 
l*Vi)ruar\. 


("age   over  dry   filler    iKipi.-r 


I'>nicrgcd    lolli   to    12II1 


Date 

Number  of 

of 

Males. 

rcinales. 

(lays  after 

Remarks. 

death. 

Nil 

I   dead 

enier'^ciK  c. 
I 

13  February 

iS         „ 

I   dead 

Nil 

6 

24 

I     ,, 

>> 

12 

6   M;irch 

I     ,, 

)) 

22 

7 

I      „ 

»» 

23 

s 

J      ,, 

I    (lead 

24 

1 1          .7 

4     ,, 

Nil 

27 

12 

Nil 

I   dead 

28 

13 

I   dead 

Nil 

29 

15 

Nil 

I  dead 

31 

16           „ 

2  dead 

Nil 

32 

17 

I     ,, 

» J 

33 

18 

Nil 

I  dead 

34 

19 

3  dead 

2     ,, 

35 

20 

I      ,, 

3     ,, 

36 

22 

I      ,, 

I     ,, 

38 

23 

Nil 

2     ,, 

39 

24 

J  J 

2     ,, 

40 

25 

I  dead 

Nil 

41 

26 

I     ,, 

I   dead 

42 

27 

Nil 

I     ,, 

43 

28            „ 

jj 

I      ,, 

44 

31 

>5 

4     ,, 

47 

I   April 

;  J 

2     ,, 

48 

2       ,, 

J) 

2     ,, 

49 

4       ,, 

J5 

2     ,, 

51 

7      „ 

»5 

I     „ 

54 

9      ,7 

»> 

I     ,, 

56 

II       „ 

!  J 

I     ,, 

58 

12       „ 

>> 

I     ,, 

59 

14      ,, 

»> 

I     ,, 

61 

16      ,, 

»» 

I     ,, 

63 

21       „ 

>J 

I      ,, 

68 

20 

35 

Average  life 
Longest     ,, 


males,  29  days;    females,  44*1  days. 


1  12 


Experiment    No.    XXXIX. 

RLuLAlIVE   LENGTH  OF   WW.  O]'   MALES   AND   FEMALES 
FED  ON   HONEV  ONLV. 


Kept    in    a    H.L.C    cage    over    wet    filter    {)aper. 
25th    November. 


Emerged    24th    t(j 


Date 
of 

Males. 

Females. 

Number 
of  days  after 

Remarks. 

death. 

emergence. 

7  I)eceml)er 

I   dead 

Nil 

12 

14 

2     „ 

19 

iS 

I     „ 

2  dead 

23 

19 

Nil 

2     ,, 

24 

20 
21 

2          M 

25 
26 

22         ,, 

24 

2  dead 

27 
29 

25 

Nil 

I        „ 

30 

27 

)) 

2      ,, 

32 

28 

>) 

I           M 

y:> 

29 

» 

2       ,, 

34 

31 

>> 

35 
36 

4    lanuaiv 

)" 

I             M 

40 

6  ■      „    ' 
12 

42 
48 

15 

1» 

I            .. 

51 

17 

M 

I            ,, 

53 

6 

24 

Average  life:  males   21-8  days;  females  32*5  days. 
Longest     „   :      „        29         „    ;         „        53         „ 


1 1 


P.xfurimcNf  No.    XL. 

RKLAini:  i.i'.xcm  oi   wvv.  oi-  m.\m:s  axd  it:m.\ij<:s 

KI-J)  ON    H()Nr:V  ONLV. 


Kcj)!    in    a     \\.\,.V.    rage,    over    dry    filler 
5tli     |aniiar\'. 


IKllHT 


I'Liiicrgcd     3 


rd 


lo 


Dale 

..f 
Death, 


6  January 


/ 
8 

9 

lO 

i6 
i8 
19 

20 
21 
22 
23 
24 
29 


Males. 

I 

(lead 

-7 

1 

Nil 

10 

dead 

I 

?> 

I 

>> 

I 

»» 

Nil 

4 

dead 

'5 

n 

2 

<» 

5 

>1 

Nil 

29 


Females. 


Nil 
I  dead 

9         M 

4     .» 

Nil 
I  dead 

3     o 
I      „ 

6     „ 

I     .. 


31 


Remarks 


Average  life:  males   10  days;  females   11*4  days. 
Longest     „    :       „       18      „     ;  „        24  „ 


114 


Experiment  No.  XLL 

KGC;  PRODUCTION  AFTER  A  SINGLK  MK Al.  Ol  BLOOD,  AND 
EVIDENCE  OF  THE  EGG  RETAINING  HAHir,  AND 
ALSO  SHOWS  COMPARATIVE  LENGTH  OF  LNL  OF 
MALES    AND    FEMALES. 

A  imniber  of  males  aiul  females  which  emerged  on  the  ist  to  3rd 
Dcicember  were  allowed  free  itUercourse  in  a  large  cage.  I'he  females  were 
given  an  opportunity  of  feeding  on  human  blood  ;  those  that  filled  them- 
selves to  repletion  were  selected  for  the  experiment.  Twelve  males  and  23 
females  were  transferred  to  a  H.T.C.  cage  with  2Vft  filter  paper  at  base,  and 
supplied  liberally  with  honey. 


Date  of 

' 

Number 

deposition  of 

Number  of 
eggs  laid. 

Fertility. 

Death  of 

Death  of 

of  days 

Remarks. 

eggs  or  death. 

males. 

females. 

after  meal 

+ 

of  blcod. 

4  December 

61 

2 

1  The  number  of  eg^s  laid  pre- 

5 

SI 

+ 

3 

sujiposes  that  only  two  or  at  the 

0        ,, 

5 

+ 

... 

4 

)  most  three  females  were  laying. 

7 

148 

+ 

5 

!^ 

4 

+ 

... 

... 

6 

9 

II 

+ 

7 

10         ,, 

... 

I   dead 

... 

8 

12         ,, 

5 

+ 

... 

2  dead 

10 

13 

4 

+ 

... 

I      ,, 

" 

14 

I 

+ 

... 

I      ,, 

12 

15 

13 

+ 

I  dead 

13 

17 

... 

... 

4     ,, 

... 

i!> 

20         ,, 

... 

... 

I     „ 

18 

21         ,, 

41 

+ 

I     „ 

19 

22         ,, 

I 

+ 

I   dead 

20 

25 

4 

+ 

... 

23 

26         ,, 

31 

+ 

I  escaped 

2  dead 

24 

27 

II 

+ 

3     ■>■> 

25 

28 

I 

+ 

2  dead 

26 

29 

I 

+ 

I   tlead 

27 

30 

32 

+ 

28 

31 

4 

+ 

29 

I   jiinuary 

19 

■i- 

... 

I   dead 

30 

2 

... 

... 

... 

I      ,, 

31 

5                   M 

170 

+    . 

... 

... 

34 

6 

13 

+ 

I  dead 

35 

7 

... 

... 

I      ,, 

36 

8         ,, 

... 

I  dead 

37 

9 

... 

_ 

... 

2  dead 

38 

II         ,, 

105 

+ 

I      ,, 

40 

16 

3 

45 

20         ,, 

... 

I   dead 

49 

25 

... 

3     ■>■> 

54 

13  tebruary 

... 

*i      „ 

73 

*  The  ovaries  of  this  female  on  dissection  prove!  to  be  fully  develo|ied  and  the  eggs  ripe  for 
laying,  many  of  them  being  already  brown.  It  is  significant  that  this  should  be  the 
case  70  days  after  the  only  meal  of  blood  she  received. 

Average  life  :   12  males  i8*8  days  ;  23  females  32*3  davs. 
Lontrest      ..   :    ,.        ..        ;:         ..     :    .. 


I 


1  '5 


Expcrimnif  No.   X/./f. 


i-ATDi-Nci-:  oi"   I'Cc.    Ki:i.\iM\(i   ii.\i;ii'   .\xn    i.i'A'oiii    ov 
1  II  I.  Ai- ri:K   A  siNc.ii':   mi;\i,()i    iii.ooi)  (sin.si-:^  uI'A'I' 

l''C)()l>     IIONICV). 

I'cmak's  which  emerged  on  ihe  5th,  6ih,  ylh,  Sih  and  9lh  I  )cccmhLT  were 
kept  for  24  hours  in  a  cage  wilh  a  nuinhci  of  males,  they  were  then  allowed 
one  full  meal  ol  hlood  (Xos.  r,  2,  3,  4  and  ■;  on  the  7th  December,  Nos.  6,  7 
and  8  on  the  ()lh  December,  Nos.  9,  10  and  .  i  on  the  loth  December).  ICach 
female  was  tlu-n  i)la<-cd  in  a  sc[)arate  jar  with  ivcl  filter  [)ai)er  at  the  bottom 
and  fed  on  honey. 


nale  of 
deposition  of 

Iilciitillca- 
lion 

Numl)er  of 
ejins   laid. 

1 

Fertility. 

1 

Death. 

Number 

of  days 

.after  meal 

Remarks. 

eggs  or  dcatii. 

miml>er. 

of  blood. 

8  December 

2 

died 

I 

lo 

4 

69 

+ 

...    ■ 

3 

» > 

5 

46 

+ 

... 

3 

i» 

4 

I 

... 

... 

4 

No  record  of  halching. 

»» 

5 

I 

... 

4 

>»        >j       >>           >» 

»» 

6 

71 

J 

... 

2 

»» 

8 

13 

+ 

... 

2 

12 

5 

1 

5 

No  record  of  hatching. 

6 

I 

... 

5 

>»        V       )>           >> 

•  1 

8 

52 

+ 

... 

3 

«> 

9 

I 

■  •  • 

. . . 

3 

No  record  of  liatching. 

i> 

10 

60 

+ 

2 

»> 

II 

38 

+ 

2 

13 

4 

4 

+ 

6 

j» 

6 

I 

4 

No  record  of  hatching. 

15 

II 

2 

... 

5 

5>             M              >>                    " 

16         „ 

3 

escaped 

9 

Laid  no  eggs. 

17 

6 

I 

+ 

... 

8 

•  » 

9 

I 

+ 

... 

7 

>» 

II 

2 

-f 

... 

7 

IS 

7 

died 

9 

Laid  no  eggs. 

10 

4 

2 

+ 

... 

12 

20 

5 

died 

13 

t» 

9 

2 

-f 

... 

10 

»» 

1 1 

2 

-f 

.. . 

10 

26 

6 

. . . 

died 

17 

31 

10 

... 

>> 

21 

I  January 

1 1 

>> 

22 

2 

9 

I 

+ 

... 

23 

6        ., 

8 

I 

— 

,,, 

28 

Egg  infertile. 

»» 

9 

2 

+ 

... 

28* 

*These  eggs  resisted  inimer- 

»o 

8 

died 

32 

sion.      After  three  months'  dry 

»3 

I 

.  •  • 

)  • 

.57 

storage  one  of  them  retained  its 

24 

9 

I 

infc'itilc 

46 

shape  but  <li(l  not  hatch  in  spite 

26        „ 

4 

... 

... 

died 

50 

of  along  period  in  water.  On  the 

I  I'ebruary 

9 

M 

53 

26th   April   it    was  ojiened  and 
found  to  contain  a  living  larva. 

Average  life  :    25-6  days  :    longest  life  :    53  days. 


Il6 


Experiment    Ki>^    \I  III. 

TEST  TO  ASCERTAIN  IF  WELL-FED  FEMALES  WOULD 
OVIPOSIT  APART  FROM  WET  SURFACES,  AND  THEIR 
LEN(;T[I  OI  LII  K  WHEX  ECOS  have  'IT)  vm  riviained 
OWINC;     lO     DROUGHT. 


F'emales  that  emerged  between  the  20th  and  29th  December  were  allowed 
free  intercourse  with  a  number  of  males  in  a  large  cage. 

Those  which  fed  readily  on  a  human  arm  were  selected  and  placed  in  a 
H.T.C.  cage  based  on  dry  filter  paper,  the  top  covered  with  fiiu*  gauze;  no 
additional  cover  being  used  to  prevent  evaporation. 

A  supply  of  honey  was  kept  in  the  cage,  and  a  ten  minutes'  opijorlunity  of 
taking  human  blood  was  afforded  each  night. 


Date  of 

Number 

Number  of 
days  after 
first  meal 
of  blood. 

deposition  of 
eggs  or  death. 

of 
eggs  laid. 

Fertility. 

Death. 

Remarks. 

31  December 

I 

infertile 

I 

2 

2   January 

... 

I 

4 

7  "      .. 

... 

I 

9 

s 

... 

3 

10 

9 

3 

II 

I 

24 

23 

6 

25 

24 

I 

26 

25 

... 

I 

27 

29 

... 

I 

31 

30 

I 

32 

31 

I 

33 

I    February 

2 

34 

-> 

I 

35 

3         M 

2 

36 

4         » 

1 

yi 

5         •>•> 

2 

3^ 

7                     M 

3 

40 

s 

... 

2 

41 

1 1          >. 

I 

44* 

'  *This  female  when  tlyinj;  was  placed 

i         in  a  small  tube  with  a  piece  of  ivet 

filter    paper.       She    immeiliately 

5   March 

I 

66 

12 

I 

11 

13         ,. 

2 

74 

\  connnenced  to  o\iposit  and  laid  a 
\        small  batch  of  iiifcrtile  cij;gs. 

39 

Average  life,   2)^' 2i  days;    longest  life,   74  days. 

Only  one  infertile  egg  was  laid  on  dry  paper,  although  a  dying  female  laid 
at  once  when  provided  with  a  wet  surface. 

Conclusion'  :    Water  or  ivet  surfaces  are  essential  to  egg  laying. 


11/ 

ICxpcriincnts  Nos.  XIJ.  .iiul  Xl.II.  It  will  be  noted  that  female 
No.  I  lived  }fy  (la\'s  hut  died  without  ovipositing-,  while  Nos.  3  and  7 
also  f.iilcd  to  la)'  an\-  e.L;i;s.  I  nfortunatelN',  time  did  not  permit  of  the 
dissection  of  Nos.  1  and  7  to  ascertain  if  their  ovaries  were  rij^e,  or 
if  thc\-  were  awaitini;  further  meals  of  blood  before  developin^^  them. 
It  seems  more  probable,  h<.\\t'vt:r,  that  the  e^^gs  were  l)einL;  retained. 

riu-  (>\  iposilion  of  females  Nos.  ,|,  5,  6,  S,  10,  and  1  1  was  not  very 
unusual,  but  that  of  No.  9  was  distinctl}'  abnormal,  in  that  she 
(Iril)bled  out  pairs  or  sin^de  e<^^i;s  at  loi\i;  intervals.  Those  laid  23 
and  2S  (la\'s  after  the  initial  meal  of  blood  proved  to  be  fertile.  'V'wwc 
did  not  permit  of  her  dissection. 

If  the  two  experiments  are  considered  to^^ether  there  seems  to  be 
a  stroni;  case  made  out  for  the  instinctive  retention  of  e^gs  by  a 
proportion  of  the  females,  and  this  is  [)robably  the  cx[jlanation  why 
certain  females  in  earlier  experiments  failed  to  lay,  although  they 
were  afforded  opportunities  of  suckini;  human  blood  every  nic^dit. 

IWO  ICXrKRlMlCNTS  TO  ILLUS'JT^ATE  EGCi  PRO- 
DUCTION AND  LAYING,  APART  FROM  FEEDING 
ON    A    LIVING   ANIMAL. 

Attempts  were  made  to  induce  egg  production  by  feeding  on 
mixtures  of  honey  and  white  of  G^g^^,  honey  and  dried  blood,  honey 
and   fresh  blood,  syrup  and  fresh  blood. 

IIone\'  and  white  of  egg  kept  well  in  a  stoppered  jar  for  three 
weeks,  but  fermented  within  a  day  or  two  when  placed  in  the  cage 
for  the  females  to  feed  on.  Honey  and  dried  blood  did  not  keep  well, 
possibl}'  owing  to  water  being  used  to  mix  the  blood  into  a  paste 
before  adding  it  to  the  honey. 

Hone\'  and  fresh  blood  and  syrup  and  fresh  blood  kept  for  months 
when  placed  in  a  desiccator  to  cause  a  high  concentration  of  sugar. 

The  first  attempts  with  honey  and  white  of  Qgg^  honey  and  dried 
blood,  and  honey  and  fresh  blood  were  all  negative.  Some  50  to  100 
females  were  used  in  each  case,  equal  or  larger  numbers  of  males 
being  kept  with  them.  Pairing  took  place  freely  but  the  ovaries 
never  developed,  although  the  average  life  was  considerable.  The 
sole  surviving  female  in  one  of  the  experiments,  after  living  for  56 
da\-s,  was  given  the  oi^portunit)-  of  sucking  human  blood.  She  fed 
sparingly  on  three  successive  nights,  then  missed  a  night,  and  laid  21 
fertile  eggs  on  the  following  night.  After  depositing  the  eggs  she  bit 
but  did  not  obtain  blood,  and  died  the  next  day.  Two  attempts. 
Experiments  Nos.  XX I \'.  and  XX\\,  were  then  made,  in  one,  hone\- 
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and  fresh  blood  from  a  sheep  was  a^ain  used,  in  the  other,  syru[j  and 
fresh  blood  from  a  sheep.  As  will  be  seen  from  the  following  records 
both  met  u  ith  sufficient  success  to  be  of  interest  theoretically,  but  so 
modified  as  to  afford  little  hope  of  the  method  proving  of  any 
practical  assistance  in  future  research. 

Experiment  Xo.   XLIV. 

A  number  of  males  and  females,  which  emerged  on  the  13th  and  14th 
Januw^rv ,  were  placed  in  a  hurricane  lamp  chimney  ca^e  on  wet  liltcr  paper, 
and  given  an  ample  supply  of  honey  mixed  with  blood  from  a  sheep.  This  was 
changed  on  the  first  signs  of  fermentation. 


Date   of 
deposition 

of  eggs 
or  deaths. 

1 

Number 

of 
eggs  laid. 

Fertility.    ' 

1 

Death 

of 
males. 

t 

Death     1 
of 
females, 

1 

Number 

of 

days  after 

start. 

Remarks. 

! 

17  January 

4  dead 

2  dead 

3 

is  ■   ,, 

Nil     ! 

4 

19       „ 

Nil 

I  dead 

5 

20       ,, 

... 

... 

3  dead 

I      11 

6 

IT 

... 

1 

2      „ 

Nil 

S 

^3       „ 

... 

I      » 

» 

9 

24       ,, 

... 

... 

2       „ 

>> 

10 

25       ..            1 

... 

... 

2       „ 

11 

II 

•->7 

... 

... 

4       „ 

11 

13 

2S      „          ; 

... 

I        n 

11 

14 

30 

4      „ 

5  dead 

i6 

31      ,, 

... 

... 

3      11 

Nil 

17 

I   February 

7            M 

11 

i8 

I      „ 

11 

19 

3          j» 

... 

6*    „ 

4*dead 

20 

*Most  of  these  ilieil  from  niechani- 

4 

... 

... 

Nil 

2      „ 

21 

cai    causes,   their  le<;s  <;eltin^ 

5 

... 

... 

I  dead 

2      „ 

22 

fixed    in    the   sticky   mixture 

6 

... 

I      „ 

3      11 

23 

owing  to  rapid  drying. 

7 

... 

... 

I      „ 

3            M 

24 

^ 

... 

I      „ 

I      11 

25 

9 

... 

Nil 

I      11 

26 

10 

... 

... 

5> 

2         11 

27 

II 

... 

... 

J> 

2        1) 

28 

12 

... 

1') 

*         11 

29 

13 

... 

I  dead 

I         »> 

30 

16         „ 

... 

... 

Nil 

I         >j 

33 

. 

17 

... 

... 

I  dead 

*         11 

34 

19 

... 

Nil 

2        »> 

36 

24 

... 

... 

>> 

I        >i 

41 

25 

... 

... 

>' 

I        >» 

42 

27 

... 

... 

>» 

2        „ 

44 

28 

.. . 

>» 

'■        11 

45 

I   March 

j> 

*■        11 

46 

-> 

I 

Infer  till!           ,, 

Nil 

47 

7      „ 

... 

M 

I  dead 

52 

12       „ 

... 

>) 

I      » 

57 

12  April 

11 

I      » 

88 

49 

i 

44 

Result. — I  hi  fertile  egg. 
Vverage  life  :  males,  i4'6  days;  females,  27*8  days. 

>5  o4  1^       3  >J  ^^  )> 


Longest 
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A  iuiiuIkt  oI  males  .ml  rcmaK's  which  emerged  on  llu;  island  211(1  Marrli 
were  placed  in  a  H.L.C'.  cage  over  wet  ^\\\<^x  paper  and  given  an  amjjle  supply 
of  syruj)  mixed  with  Mood  from  a  sheep.  The  supply  was  changed  on  the 
lirsl  sign  ol  lermenlation. 


I  )ate  <•{ 
ilepositiun  of 
eggt  or  death. 

Number  of 
eg^s  laid. 

Fertilily. 

Death 
of  mules. 

Death  of 
females. 

No.  of 

days  from 

start. 

2 

Remarks. 

4  March 

I 

+ 

2  dead 

The  eg^'  hatched  (jii  7lh  March. 

5       .. 

. . . 

... 

I    (lead 

Nil 

3 

6       „ 

... 

6     , 

j> 

4 

7       ,. 

I       n 

?> 

5 

s      ., 

2      „ 

)> 

6 

9             M 

... 

3         M 

?> 

7 

n      ., 

2      „ 

2  dead 

9 

12        „ 

Nil 

2      „ 

10 

M       ,. 

I   (lead 

I       ., 

12 

»5              M 

... 

2     „ 

MI 

13 

16       „ 

I       n 

I    dead 

14 

»7      „ 

... 

I       „ 

3     „ 

15 

2o      „ 

... 

Nil 

I     » 

iS 

22         „ 

... 

2  dead 

3     „ 

20 

23         n 

... 

I     „ 

I            M 

21 

24          M 

.. . 

I     „ 

Nil 

22 

25         ,. 

Nil 

2  dead 

23 

26         „ 

I   dead 

2      „ 

24 

27         „ 

... 

I      „ 

4     „ 

25 

28         „ 

... 

I      >, 

I     ,. 

26 

29         „ 

... 

I      » 

3     » 

27 

30         „ 

I     „ 

2     „ 

28 

I    April 

2      „ 

5     ,, 

30 

-> 

... 

3     » 

I     „ 

31 

3             M 

I     » 

I     „ 

32 

5      » 

Nil 

I     ,, 

34 

6      „ 

5> 

2    „ 

35 

s      „ 

... 

5> 

I     ,, 

37 

19       „ 

... 

» 

2    „ 

48 

27       „ 

... 

)> 

I     „ 

56 

30       „ 

..." 

,> 

3    „ 

59 

I   May 

J> 

I     „ 

60  ■ 

3              M 

., 

2    „ 

62 

4       „ 

)> 

I     „ 

63 

5      „ 

... 

n 

2    „ 

64 

13      ,, 

n 

I     „ 

72 

27      ,, 

5> 

I     „ 

86 

35 

55 

Result :    i  fertile  e^^g. 

Average  life:    males,    i5*6  days;     females,   32* 
Longest     ,,  „        32         „  „         86 


days. 
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Expenmt'Hts    \os.    \I.VI    ,ih,1  \I  \' 1 1 

FERTILITV  OF  AIALES  AND  THK  SURVIVAL  OF 
Sl^ERMATOZOA  IX  THE  SPERMATHEC.E  OF  Till. 
FEMALE    [STECOMYIA     FASCIATA). 

In  these  experiments,  Nos.  XL\T.  and  XLVIL,  the  main  object 
was  to  determuie  how  many  females  a  single  male  is  able  to  im- 
pregnate and  the  scope  of  the  ability  to  fertilize  eggs  which  is 
imparted. 

The  longest  time  between  [)airing  and  the  laying  of  fertile  eggs 
which  was  observed  during  the  progress  of  the  research  was  62 
days — on  the  part  of  the  female  used  in  Experiment  Xo.  \'ll. 
This  period  was  but  a  portion  of  her  active  [)roductive  life  ;  while 
it  lasted  she  laid  711  eggs  in  15  batches.  Subsequently  she  lived 
a  further  29  da>'s  and  laid  6  batches,  containing  S9  infertile  eggs. 
In  another  experiment  (Xo.  XLI.)  fertile  eggs  were  laid  40  days 
after  impregnation,  which  had  been  effected  prior  to  the  onl\-  meal 
of  blood  the  insects  received. 

Neither  of  these  cases  can  compare  w  ith  Goeldi's  classic  exam[)le 
of  the  retention  of  spermatozoa  for  102  days  ;  nor  are  they,  strictly 
speaking,  comparable,  because  Goeldi's  specimen  only  received  the 
meal  of  blood  necessary  for  the  develo[)ment  of  her  eggs  towards 
the  close  of  her  segregation. 

Three  experiments  were  attempted  ;  the  first  was  a  complete 
failure  owing  to  the  escape  of  the  male  after  pairing  with  two 
females.  The  second  trial  came  to  an  untimely  end  with  the  death 
of  the  male  after  7  days,  during  which  period  he  fertilized  4  out 
of  5   females  placed  with  him  on  successive  days. 

The  third  attempt  promised  better  success,  as  the  male  lived 
21  days  and  fertilized,  more  or  less  effectuall}',  10  of  the  21  females 
that  were  placed  with  him.  The  females,  howe\er,  proved  to  be 
very  poor  Qgg  producers  and  of  low  \  itality  generallw  This  ma\' 
ha\e  been  due  to  underfeeding  in  the  lar\al  stage,  as  they  were 
drawn  from  a  very  large  brood  at  a  period  o{  the  research  when 
the  amount  o{  food  required  b\'  the  lar\ie  had  not  received  proper 
attention.  On  the  other  hand,  the  small  egg-laying  capacit}'  may 
have  been  a  matter  of  heredit}-.      It  was  certainly  not  due  to  want 
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of  food  in  tin-  adult  sta^c,  as  tlu\'  all  had  iiiL^iUl}'  opportunities, 
and.  r«)i-  the  nicj^l  pail,  iVd  as  rcL;"ularl\-  as  IcMualcs  which  laid  much 
lai'Lici'   l)at(  lu's   ol   i\l;;^s. 

Anollu-i"  lactoi*  whicli  a(  ti-d  to  tin-  detriment  of  the  cxjieriment 
was  attacks  by  anls.  It  was  only  towai'fls  the  close  of  the  series  that 
it  \\«is  (h'scovered  that  ine(|ualities  in  the  rims  of  some  of  the  jars 
used  allowed  the  small  yellow  housi;  ants,  Moiioiiioriiiiii  l^lididoiiis  A,, 
to  L;ain  eiur.mce.  The  disappeai  ance  ol  k:inales  and  possibly  a  con- 
siderable percentaL;e  of  the  morlalitx'  is  to  be  ascribed  to  this  cause. 
It.  howcwer,  the  second  and  third  attempts  (ICxperiments  Nos. 
XIA'I.  and  XIA'II.)  arc;  considered  in  conjunction,  a  fair  idea  of 
the  scope  of  the  maK-s'  abilitx'  in  the  matter  of  imprei^nation  will 
be  obt. lined. 

Sonic  allowances  must  be  made  for  mortalit\'  amoni;  the  fertilized 
CLjs^s,  which  did  not  perha[)s  receive  the  most  favourable  treatment, 
but  this  source  of  error  was  minimised  as  far  as  possible  by  dis- 
secting,' those  Ci;gs  which  failed  to  hatch  on  re-immersion  after  three 
months'  dry  storat^e,  the  nimiber  of  those  which  contained  dexeloped 
larv.e  beinj^  added  to  those  which  had  already  hatched.  In  several 
instances  livitii^  larvie  were  extracted  from  the  ci^gs,  but  in  most 
cases  the\'  were  dead.  In  doubtful  cases  where  full  dexelopmcnt 
of  the  larxie  was  not  demonstrated  by  the  presence  of  the  egg 
breaker  on  its  head,  the  eggs  were  passed  as  infertile. 

An  appended  table  gives  the  record  of  the  eggs  laid  by  female 
No.   III.  in   Experiment  No.  XLVI.  in   full  detail. 
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'I'hc  nio^l  serious  (laii|^crs  to  whirh  adults  of  Sfci^omyia  fasria/d  arc 
I'xposcd  arc  probably  tliosc  which  arise  from  climatic  causes.  'I'hc  daily 
rise  of  temperature,  even  in  fuic  weather,  is  by  no  means  excessive  in  i'ree- 
town,  but  it  is  suClicicnl  to  impart  a  considerable  drying  capacity  to  the 
air.  I  )urini;  the  dry  season  the  dangers  of  desiccation  are  increased, 
while  the  incidence  of  the  harmattan  periods  with  strong,  dr)-  \.E.  winds 
causes  an  enormous  mortality  among  captive  mosquitoes.  Wild  specimens, 
however,  by  seeking  refuge  either  in  crannies  and  crevices,  or  among 
moist  vegetation  out  of  doors  or  in  dark  recesses  and  corners  within 
l)uildings,  near  floor  level,  away  from  any  draught,  can  make  local  adjust- 
ment in  their  resting  situations  to  minimize  the  danger.  It  is  relative  to 
this  hal)il  of  seeking  cover  that  the  attacks  of  predaceous  foes  are  most 
likely  to  occur,  and,  as  a  conse([uence,  wingless  enemies,  such  as  toads, 
li/ards,  spiders,  ants,  scorpions  and,  j)ossil)ly,  also  young  mantids,  probably 
take  a  heavier  toll  than  do  birds  or  flying  insects,  such  as  dragon  flies; 
althousih  the  last  named  will  almost  certainlv  account  for  a  certain  number 
at  the  period  when  the  mos(juitoes  leave  the  water  and  first  take  wing. 

The  habit  which  is  .so  noticeable  in  resting  Stegomyia  of  raising  the  third 
pair  of  legs  and  kee])ing  them  in  constant  motion,  is  probably  a  safeguard 
against  attacks  by  wingless  enemies,  more  especially  ants.  The  elevation 
and  movement  of  these  legs  will  prevent  their  being  easily  seized  hold  of  and 
they  are  available  for  an  immediate  kick-off,  kangaroo  fashion,  at  the  slightest 
touch.  Wheii  .S".  fasciata  are  deprived  of  their  wings  it  at  once  becomes 
evident  how  considerable  their  leaping  powers  are.  Two  species  of  ants, 
Monomorium  pharaojiis  L.  and  So/enopsis  geminata  F.,  pro\-ed  themseh'es 
to  be  most  inveterate  enemies  to  captive  mos([uitoes  during  the  progress  of 
the  research,  and,  as  they  appeared  omnipresent  in  Freetown,  mosquitoes 
are  probably  only  safe  from  their  attacks  when  actually  flying. 

In  the  mosfiuiro  house  a  small  species  of  web-spinning  spider,  Uhborus 
feniculatus^  and  a  larger  species,  belonging  to  the  genus  At'a/iens,  which  did 
not  spin  a  regular  web,  took  a  heavy  toll  of  the  S.  fasciata  which  were 
breeding  in  it.  These  spiders  found  entrance,  when  very  small,  through  the 
16  X  16  wire  gauze  and  colonized  it,  breeding  inside,  using  the  corners  and 
angles  and  covering  the  surface  of  the  sides  with  their  wel)s.  The  moscjuitoes 
certainly  formed  their  staj)le  food,  and,  so  far  as  observation  of  the  captives 
in  their  webs  went,  were  their  sole  source  of  supply. 

Another  uninvited  guest  in  the  mosc^uito  house  was  a  small  species  of 
scorpion,  Isomcfnts  macidafus^  much  flattened  and  with  very  slender  claws. 
This  must  have  found  entrance  through  the  crevice  of  a  close-fitting,  bevelled 
door  when  young,  and  possibly  bred  inside  the  house.  From  the  slender, 
delicate  structure  of  its  pincers  it  is  probable  that  it  feeds  on  small  insects  only. 
A  specimen  kept  in  a  2-inch  entomological  glass-bottomed  box  was  fed 
entirely  on  active  adults  of  S.  fasciata.  It  would  ca])ture  and  eat  the  entire 
number  put  into  the  box  each  night;  sometimes  disposing  of  50  or  100  in  a 
single  night  and,  apart  from  its  moulting  i)eriods,  seems  to  have  an  insatiable 
appetite. 
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Siiiull  inLUitkls  m  llicii  Iir^t  or  second  in^Ui-i  luund  liieir  vvuy  mio  itic 
mosquitu  house  and  were  also  found  to  capture  and  greedily  devour  specimens 
of  S.  /ascia/a  when  confined  with  them  in  a  small  box. 

Two  species  of  wall-hunting  li/ards  were  also  tried ;  both  were  very 
young,  considerably  less  ihan  half  grown.  One,  a  si^ecies  of  Lcuertidif,  pro- 
bably f.^///<?Ai,  cleared  a  large  cage  of  S.  fcudata  with  great  desfjatch,  but  the 
other,  a  baby  specimen  of  a  gecko,  i)robably  Ilemidactylui  btuokii,  or  one  of 
its  relations,  only  ate  occasional  specimens  when  they  were  placed  in  a  small 
bo\  with  it,  and  made  no  appreciable  difference  to  the  numbers  of  mosquitoes 
in  a  large  cage. 
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IV.     PARASITES. 


The  l.irv.r  and  \>u\yA-  of  SfnU'finid  f(fS(i(i/'i  reared  in  tlic  moscjuito 
hou.-<c  wiMc  Iniind  lo  1)('  lu-a\il\-  iiilrctcd  with  a  species  of  ^re^cirinc, 
wliicli  lia^  siil)si-(|iuMill\-  htjcn  idciilificd  1)\'  Dr.  C  M.  Wcnyon  as 
J.,un(is/n,ini  culicus  Wcnxon.  'Idiis  ^^■CL,^lriIlc  was  found  I))-  Mr. 
A.  ('.  .'^trvtMison  and  I  )r.  C  M .  W'rnN'on  in  si)ccinicns  ol  S.  fasciata 
reared  frt)in  e;4i;s  laid  niK)n  leaves  which  were  forwarded  from 
Freetown  for  exhihilion  at  one  of  the  niecting.s  of  the  \'ellow  J^'ever 
Commis.sioii. 

The  life  e\ele  of  this  species  has  been  thoroughly  worked  out  b)- 
Wenyon  ( 191 1 )  in  specimens  of  S.fasciata  captured  and  bred  at  I^agdad, 
a  full)'  illustrated  account  beini;-  published  in  '*  Parasitoloj^^y,"  V^)l. 
I\'.  i()i  I.  From  Stevenson  and  \\'en}'on's  account  of  the  f^rec^arines 
in  the  si)ccimens  reared  from  the  Freetown  eggs  and  the  experiments 
carried  out  by  myself  at  Freetown,  it  is  evident  that  the  sporocysts 
are  able  to  resist  desiccation,  and,  like  the  eggs  of  the  mosquitoes 
they  infect,  lie  over  the  dry  season  in  tlic  dried -up  water  holes, 
awaiting  ingestion  by  the  larva:  which  hatch  out  at  the  commence- 
ment of  the  rains.  This  habit  of  the  parasite  supports  the  view  that 
Stcgomvia  fasciata  relies  chiefly,  if  not  solely,  upon  the  ^^^  stage 
for  the  survival  of  the  species  during  the  dry  period,  as  there  would 
be  no  need  for  the  sporocysts  to  have  developed  the  ability  to  resist 
desiccation  if  the  adult  host  survived  the  dry  season  in  any  numbers. 

A  trial  carried  out  in  order  to  test  if  infestation  by  the  parasites 
had  an\-  checking  influence  on  the  development  of  the  mo.squito,  or 
caused  an\'  mortalit\'  durincr  larval  life,  showed  no  evidence  of  an\- 
ill  effect  on  the  development  of  the  insect,  nor  was  there  any  notice- 
able mortality  in  the  larval  stage.  If  any  deaths  at  all  occurred  among 
the  infected  larvae  it  was  confined  to  the  first  or  second   instars. 

The  onl}'  other  organisms  detected  in  S.  fasciata  during  the 
research  were  bacteria,  which  were  present  in  small  numbers  in 
the  larval  gut  and  more  plentiful  in  the  stomachs  of  the  adults, 
and  .some  small  oval  bodies  of  from  2/x  to  4/x  in  diameter,  which 
were  present  in  the  stomachs  of  the  adults.  These  were  first 
noticed  in  smears  of  the  dissected  gut  stained  with  Giemsa,  and 
were  suspected  of  belonging  to  the  iiiicrosporidia,  but  sections  failed 
to  reveal  any  intracellular  phases  of  the  life  cycle,  nor  could  any 
undoubted  evidence  be  obtained  (jf  their  (occurrence  other  than  in 
the  lumen  of  the  gut.  My  colleague,  Dr.  II.  M.  Woodcock,  of 
the  Li.ster  Institute,  pronounced  them  to  be  \-easts. 
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V      STERILITY    OF    THE    PUPAL    GUT    OF    THE 
STE(}UM  YIA     F  ASCI  AT  A. 

In  addition  to  the  inicroscopic  exaini nation  of  the  larval  and 
[3U[)al  L;ut  described  on  page  127,  bacteriolo<4ical  tests  were 
commenced  in  collaboration  with  Dr.  (}.  G.  lUitler.  Unfortunatel)-, 
the  trials  had  to  be  discontinued  at  an  early  stay,e  of  the  investigation, 
owing  to  the  calls  of  (^ther  duties  on  Dr.  Butler's  time. 

.\  living  pupa  was  allowed  to  swim  for  a  few  minutes  in  each 
of  six  tubes  of  sterilized  distilled  water  -its  transference  from  tul)e 
to  tube  being  made  with  a  sterilized  platinum  loop.  The  following 
tests  were  made  in  tubes  of  broth  : — ■ 

Ri<:sui;r. 

[a)   An  inoculation  of  water  from   the  sixth  tube         ...      Strri/t'. 

ib)   The  living  pupa  was  allowed  to  sw  im   in  a  tube  of 

broth  for  five  minutes       ...  ...  ...  ...      S/r/'//t\ 

(r)  The  pupal  gut  with  the  mali)ighian  tubes  attached, 
was  dissected  out  of  the  pupa  and  placed  in  a 
tube  of  broth  ,.,  ...  ...  ...  ...      S/eriii\ 

{(/)   The  pupal  envelojje  was  placed  in  a  tube  of  broth     Sterile. 

Living    pupa?    were    placed    in  a    1    per  cent.   l\'sol    solution    and 

allowed  ti^  swim   about  ;  the\'   were  all   killed   or  rendered  incapable 

of   movement    within    fifteen    minutc>^,    but    some   became    quiescent 

muca  sooner  than  others  : — 

Resi'i/f. 
i/i)    A     pu[)a   was    placed    in    1    per    cent,    lysol    for    two 

minutes,  its  stomach  was  then  dissected  out   and 

placed  in  a  tube  of  broth...  ...  ...  ...      Sterile. 

(i))  The  malpighian  tubes  of  the  same  pu[)a  were  placed 

in  another  tube  c:)f  broth  ...  ...  ...  ...      Sterile. 

{e)  A  pupa  was  placed  in  i  per  cent,  lysol  for  five 
minutes,  when  it  appeared  to  be  dead  ;  it  was  then 
transferred  to  a  tube  of  broth  for  fifteen  minutes 
and  then   remoxed  ...  ...  ...  ...     Sterile. 

{(/)  A  pupa  that  had  been  in  1  per  cent.  l\\sol  for  two 
minutes  was  dissected  and  the  gut,  with  its 
appendages,  placed  in   broth       ...  ...  ...      Sterile. 
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Ij'vin;^   pup.i"    were   placed    in    i    per  cent,    lysol   U)V  Iwu   minutes 

.111(1   then  washed  in  sterile  water  : — 

Result. 

[,i)  1  he  L;ut  was  dissected  out  of  the  imago, 
which  was  n-ady  to  enuM'L^e  from  one 
of  these  pupa-,  and    placed   in  a   tube  (jnnotfi  of 

of  l)r(jth  ...  ...  ...  ...     uiiiiietitijh'd  i>(i(  i//i. 

(/•I  The  L;nt  was  dissected  out  of  a  pupa,  in 
which  the  iniai^inal  (le\-eloi)nient  \\;is 
not  so  ad\  anced,  and  [)laced  in  a  tuhe 
of  broth  .,,  ...  ...  ...  Sterile. 

(<•)   An  entire   unch'ssected   pupa   was  placed  Groivtii  of 

in  a  tube  of  broth        ...  ...  ...      unidentified  bacilli. 

Ihe  L;ut  was  dissected,  with  the  usual  [)re- 
caution  of  sterilized  needles,  slides 
and  salt  solution,  froni  an  unsterilizcd 
pupa,  and   placed   in  a  tube  of  broth  Sterile. 

It  .seems  more  probable  that  the  pupal  gut  is  sterile,  and  that 
the  cases  of  infection  were  due  to  some  mi.schance  in  the  technique 
than  that  the  infecting  organism  had  persisted  in  the  gut  from  the 
larval  period.  Such  a  conclusion  is  supported  by  the  micro.scopical 
examination  of  other  pupal  guts  already  alluded  to.  {See  Experiment 
No.  XXVII.). 
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VI      NOTES    RELATING  TO  THE    LIFE   HISTORY   OF    SOME    NEAR 
ALLIES    OF    STEGOMYIA    FASCIATA    AND    ASSOCIATED    SPECIES 


Larvct  of  this  species  were  obtained  solely  from  rock  pools. 
The  develo[Mnent  of  the  larv.e  is  very  rapid  under  favourable 
conditions,  rigorous  selection,  consequent  upon  the  habit  of  breeding 
in  the  smallest  of  rock  pools,  probabl)'  having  compressed  the  larval 
period  into  the  shortest  space  consistent  with  [)hysi(jIogical  require- 
ments.     In  captivity  the  eggs  incubate  within  two  days. 

^^X^'- — (i'ig-  I.  P^to<-'  ^^)-  Ihe  eggs,  although  ver\'  similar 
to  those  of  wS".  fasciata  in  general  appearance,  are  smaller,  shorter, 
and  more  oval  in  outline,  with  traces  only  of  the  flattening  side 
which  gives  the  <i\^'g  of  ^\  fasciata  its  as)'mmetrical  aspect.  The 
average  size  of  six  eggs  was  -573  mm.  in  length  and  '176  mm. 
in  width,  the  smallest  being  -530  mm.  b)-  '176  mm.  in  width,  the  largest 
•590  mm.  by  -180  mm.  The  surface  is  covered  with  the  same  delicate 
cellular  reticulation,  central  bosses  not  noticeably  different  from 
those  on  the  eggs  of  ^\  fasciata  being  present.  The  w  all  surrounding 
the  micropylar  area  was  a  trifle  more  prominent  in  the  eggs  compared, 
and  had  a  slight  outward  slope  or  overhang. 

As  regards  the  power  of  hatching  within  a  few  minutes  of 
immersion,  serial  hatching,  resistance  to  drought  and  response  to 
cooling  the  eggs  are,  so  far  as  the  smaller  amount  o{  experimental 
work  entitles  one  to  sa)-,  as  well  and  similarly  endowed  as  those 
of  .S".  fasciata.     (See  experiment  which   follows). 

Hatching  of  Eggs  of  Stcgoviyia  siigens. — Two  females  reared 
from  larvie  taken  in  a  rock  pool  at  Murray  Town.  Emerged  on 
or  about  i8th  October,  placed  in  a  large  cage  with  males  and 
afterwards  kept  in  a  small  jar.  One  female  died  after  the  first 
batch  was  laid,  the  second  on   the  8th   November. 
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December. 
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19 

20' 21     22 

23 

24 

12     20    21 

1 

27  October           

100 

5 

3 

5 
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7^    8 
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1 

«    34      4 

1 

4  Xiivenibei" 

20 

... 
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....... 
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JVo/t's. — A  i^ortioii  of  tlic  first  h.ilcli  of  lOO  were  immersefl  at 
once,  while  about  oiu-lliiid  wcvv  allow c;(l  lo  (]vy  aiifl  ininicrsccl 
a  week  later.  W'luMi  these  dried  eL,^i;s  were  ininiersed  5  hatched 
within  15  iniiuites      Siil)se(|iienlly  both  portions  were  treated  alike. 

riu-  ei,^i;s  were  ki-pt  iiinncrsed  fmni  tlic  :;!•{!  to  iith  NovenilxM" 
withont  an\-  hat(  hini;  ;  the\'  were  then  transferred  to  fresh  water 
2^'  h.   bi-l.iw   th.it  the\-  wei'e   in.      'Three  hatched  durinc^  the  in'^ht. 

(  )n  the  17th  Nowniber  a  portion  of  the  egg.s  were  dried,  placed 
in  an  ineub.itor  at  (>S  \'\  for  se\eral  hours  and  thence  into  a  desiccator  ; 
on  the  lollowinL;  da\'  the}'  were  placed  in  a  moist  atmos[)here  and 
after  24  hours  dro|)s  of  water  were  gradually  added,  until  the  filter 
p.iper  on  which  the\-  were  laid  was  saturated.  They  were  then 
subineri^ed   in   shallow   water.     7  emerged   within   30  minutes. 

A  second  portion  was  dried  without  the  use  of  incubator  or 
desiccator,  but  otherwise  treated  sinn'larl}-.  None  of  the  eggs  hatched 
within  several  hours  of  their  immersion. 

.\  third  portion  was  kept  immersed  without  an\'  alteration  of 
the  conditions.  None  hatched.  On  the  following  day  the  pan 
containing  these  eggs  was  placed  in  an  ice  chest,  and  the  temperature 
of  the  water  lowered  b}-  6^  F.  One  larva  emerged  within  an  hour 
and  a  second  within  three  hours. 

On  the  following  day  the  cooling  was  repeated  without  effect 
but  two  emerged  the  next  da\'.  Also  5  hatched  of  the  batch 
that  had  been  gradually  wetted  and  immersed,  after  drying  without 
the  use  of  incubator  or  desiccator,  three  days  previously. 

On  the  20th  December,  all  the  eggs  having  been  kept  in  water 
since  the  12th  December,  they  were  lifted  from  the  water  and  expo.sed 
to  the  ver}'  dry  wind  then  blowing.  After  half  an  hour  they  were 
re-immersed  in  the  same  water.  26  hatched  within  15  minutes  and 
8  more  within  the  hour. 

These  larv;e  (cd  up  rapidl}'  and  produced  normal  adults,  which 
fed,  paired  and  laid  eggs  in  due  course. 

The  remaining  unhatched  eggs  were  dried  on  the  31st  December 
and  stored  on  the  ground  in  the  mosquito  house  until  April  when 
they  were  re-immerscd.  None  hatched,  and  on  the  1  2th  Ma\-  the 
few  remaining  eggs  that  retained  their  sliaj:)e  were  dissected  and 
found  to  contain  dead  lar\  a-.  These  c^^i:!,^,  like  the  stored  eggs  of 
.v.  /(jsiin/ij,  suffered    from   the  attacks  of  rsoiiJ(C. 

It  is  possible  that  the  humid  storage  does  not  suit  .S".  s//£-r;/s  eggs, 
which,  judging     b\-    the    situation    of   tlie    breeding    pools,   must    be 
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capable  ot  uitli-^tamliii^  great  extremes  of  heat  and  drought.  l)ried 
eggs  have  hatched  within  15  minutes  of  their  immersion,  and  the 
hirv  ie  have  grown  to  full  size  w  ithin  three  days.  Pupati(jn  has  (jccuned 
within  four-and-a-half  to  five  days,  and  adults  hive-  t-nierged  within 
six  days  of  the  hatching    of  the    egg. 

l^'obabl)'  under  favourable  conditions  in  tlie  natural  state  the 
time  would  be  shortened,  in  fact,  the  a[)ijende(l  note  sliows  that  it 
ma)'  be,  but  the  specimens  in  this  case  were  undersized. 

Breeding  of  S  lego  my  la  sugens  in   Small  Rock  Pools. 

On  the  5th  May  a  small  basin-shaped  rock  pool  on  Tower  Hill 
(Plate  No.  5,  page  9)  was  found  to  be  swarming  with  larvae  of  Stegomyia 
sugens.  The  pool,  which  was  capable  of  holding  about  one  litre, 
had  a  small  amount  of  muddy  sand  at  the  bottom,  and  was  full)- 
exposed  to  the  sun,  situated  on  a  large  bare  convex  rock. 

The  larv.x  were  all  of  a  size  either  alread)'  in  their  third  skin 
or  about  to  moult  for  the  second  lime.  As  from  its  size  and  shape 
the  }30ol  did  not  seem  capable  of  resisting  more  than  two  successi\-e 
dry  days,  it  was  kept  under  observation.  The  following  da}'  was 
sunn\',  and  by  5  p.m.  more  than  half  the  water  had  evaporated.  As 
a  number  of  S.  sngens  wevc  required  in  order  to  obtain  eggs,  about  half 
the  larvie  and  water  was  taken.  (Within  a  week  88  male  and  /2  female 
specimens  of  .S.  siigens  had  emerged,  also  3  females  of  S.  fascia ta  and 
I  of  ^.  luteocephala  from  the  larvae  taken  from  this  pool.)  It 
threatened  to  rain  the  same  night,  but  the  tornado  passed  with 
only  a  few  drops  of  rain.  The  next  da\'  being  fine  and  sunny, 
the  pool  was  dried  and  the  sand  at  the  bottom  got  a  thorough 
baking,  the  shade  temperature  being  85  F.  On  the  next  night, 
the  Sth,  it  rained  steadily  until  daybreak  and  the  pool  was 
visited  about  5.30  p.m.,  when  it  was  found  to  contain  numbers 
of  N'oimg  larvic  full  grown  in  their  first  skins.  There  seems 
no  doubt  that  these  had  hatched  since  the  rain,  as,  apart  from 
the  baking  which  the  pool  had  on  the  7th.  the  fact  that  the 
larv.e  were  )'ounger  than  tln)se  found  in  the  pool  earlier 
precludes  any  possibility  of  their  being  survivors  of  that  brood.  It  is 
further  certain  that  they  must  have  hatched  from  resistant  eggs 
l\'ing  in  the  hollow,  as  the  interval  between  the  commencement  of  the 
shower  and  the  finding  of  the  larv;e  was  not  long  enough  to  allow  of 
the  incubation  of  freshh'  laid  e^Lis.  On  the  exenin^  of  the  iith  the 
water  was  again  vcr\'  low  ;  (levelo[)ment  had,  however,  been  extra- 
ordinaril}'  ra[)id,  a    few  o{  the   lar\.i'    haxing    ali-cad\-  pupated    (within 


three  (la\*s  of  hatchin^O,  l"il  tli<"\  wcvv.  (lisiiiit:tl\-  small  foi-  tlie  species. 
C)n  tin-  l.Mh  tin*  water  had  evaporated,  hill  i)oth  lar\;e  aiifi  |)Uj)a;  were 
foimd  !•>  lu-ali\e  in  liu-  wet  imid  and  hecame  full)'  active  in  water. 
Ile.i\\  rain  Tell  on  tlu-  inL^iil  i>i  the  i  Jlh  and  saxcd  the  sur\i\-ors  from 
the  fate  of  the  earlier  hatched  nieinbers  of  the  brood. 

Adults. — No  wild  adults  were  obtained  or  seen.  JOxperinieiits 
with  bred  specimens  re\eal  it  as  an  e(pially  irrced}'  and  persistent 
feeder  on  human  blood  as  its  coi^'ener  S.  fasciala.  It,  has,  how- 
ever, m.ni)-  traits  \\hi(h  suL;'L(est  it  to  ha  less  domesticated  than 
\.  fasciiUo,  which  shows  the  laxness  of  i)airin!:^^  and  feeding 
habits  wliich  so  he(iuentl\'  occurs  with  animals  broui^ht  into 
close  relationshij)  witli  man.  Matinc^  could  only  be  obtained 
b\'  the  use  of  a  larL;e  cai^e  ;  it  \\as  not  witnessed,  and  ajjparently 
onl}'  took  place  at  nii^lit,  wliile  feeding  during  tlie  daytime 
could  onl}'  be  induced  by  darkening  the  cage.  Feeding  was, 
however,  (piite  dissociated  from  pairing,  as  \irgin  females  kept  in 
small  boxes  {(i(\  readily  and  repeatedly,  sometimes  to  such  excess 
that  the\-  Noided  the  surplus  blood,  apparently  cpiite  undigested. 
Lender  these  conditions  small  numbers  of  infertile  eggs  were  laid, 
and  the  length  of  life  of  some  of  the  specimens  was  over  a  month. 

A  subsecjuent  trial  wMth  a  larger  number,  including  males,  was 
made  at  the  close  of  the  rains,  the  insects  being  kept  in  a  large 
cage  because  fertile  eggs  w'ere  not  obtained  when  they  were  ke])t  in 
small  cages.  In  this  case  the  length  of  life  was  shorter,  there  being 
a  very  heavy  mortalitx'  within  a  few  days  of  emergence.  Not  more 
than  two  batches  of  eggs  were  laid  by  segregated  females,  but  this 
does  not  probably  represent  the  limits  of  fecundity.  Feeding  would 
seem  to  be  adjusted  in  relationship  to  o.^^  laying,  as  with  S.  fasaata^ 
taking  place  on  successive  nights,  but  being  refused  just  prior  to 
(jviposition.  No  exact  figures  as  to  the  number  of  eggs  laid  by  a 
single  female  were  obtained,  but  two  females  laid  over  lOO  in  a 
single  night. 

Stegomyia  sii/ipsoni, 

Lar\;e  of  this  species  were  obtained  from  water  holes  in  a  cotton- 
wo(k1  tree,  and  a  number  were  reared  from  a  mass  of  leaves  taken 
from  the  same  IkjIcs  during  the  dry  season.  A  very  general  breed- 
ing place  would,  however,  seem  to  be  in  small  collections  of  water 
in  the  axils  and  whorls  of  leaves  cf  the  coco  yam,  cock  hat  tree, 
a  species  of  Draaetia  {see  Plates   i6  and    17,  page   17),  and  banana. 

Only  infertile  eggs  were  laid  by  captive  iemaies.  (Sec  Fig.  i, 
page   18.)       The.se,   while   generall\-  similar  to   those  of   6'.  fasciata 
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and  .V.  su^ens  in  colour,  shape,  size  aiul  surface  structure,  differ  in 
several  minor  [joints.  They  are  smaller  and  slightly  more  slender  than 
those  of  ^'.  fasciata  and  bilaterally  symmetrical,  while  the  micropylar 
wall  is  lower  and  less  evident  than  that  of  S.  fasciata.  The  measure- 
ment of  two  or  three  e^^s  ^ave  the  size  as  about  '550  mm.  in 
length  by  '120  mm.   in  thickness. 

In  the  absence  of  fertile  eg*^s  laid  by  caiJtive  females  it  was 
not  possible  to  follow  \x\)  the  larval  life  in  detail,  or  carry  out  any 
experiments  regarding  the  endowments  of  the  eggs  in  respect  of 
resting,  serial  hatching  and  response  to  externid  stiimili.  That  the 
eggs  are  drought-resisting,  and  that  the  species  depends  upon  tiding 
over  the  dry  season  in  the  c'g^  stage  seemed  obvious,  but  the 
record  of  rearing  from  leaves  stored  dry  (see  Notes  on  page  148) 
sets  the  fact  beyond  doubt.  Time  did  not  permit  of  searching  the 
leaf  axils  of  plants  during  the  dr\'  season  for  resting  eggs.  Failing 
their  discovery  in  such  situations,  it  remains  to  be  proved  whether 
the  species  uses  these  situations  as  auxiliar\'  to  water  holes  in  trees, 
or  if  it  can  exist  indefinitelx'  when  dependent  upon  leaf  collections 
o{  water  alone. 

Adults. — The  insects  fed  readily  at  night  on  human  blood  and 
to  a  limited  extent  in  a  darkened  cage  by  day.  The\'  were  indi- 
vidually almost,  if  not  quite,  as  greedy  as  J5\  siii^cits  or  S.  fasciata.  As 
only  infertile  eggs  were  laid  and  these  only  at  long  intervals,  though 
in  fairl}'  large  batches,  it  is  to  be  presumed  that  pairing  did  not 
take  place  in  spite  of  the  fact  that  various  expedients  were  tried, 
and  that  a  number  of  both  sexes  were  kept  together  in  a  large 
cage.  No  attempts  at  pairing  were  witnessed.  The  length  of  life 
was  not  determined  with  any  accuracy,  but  some  of  the  females 
certainly  lived   for  more  than  a   month  during  September — October. 

Stegoj/ivia  luteocephala . 

This  species  was  obtained  in  the  larval  stage  chiefl}'  from  water 
holes  in  the  roots  of  cottonwood  trees,  though  a  few  were  taken  in 
rock  pools  of  similar  size  to  those  affected  b\'  .S\  sugens. 

Collections  of  water  in  tins  or  other  utensils  \ielded  larwe  at  rare 
intervals,  while  a  single  specimen  was  reared  from  the  coco  yam. 

^SS^' — (-^^'^  i'if^-  I,  P'^C'^  18).  Infertile  eggs  approximate 
closely  to  those  of  S.  fasciata,  but  are  slightlx-  smaller  than  the  average 
eggs  of  this  species.  The  girth  is  greater  in  relation  to  the  length 
and  the  taper  to  the  ends  is  consequently  more  marked,  while  the 
flattening  o{  one  side,  which  gives  a  slight  asymmetrical  outline  to 
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S./asddtii  from  ccMtain  .ispccts,  is  accentuated.  In  tlic  particular  egpjs 
comparcil  tlicrc  was  a  sli^lit  diffcrcnct;  in  tlu:  cclhilar  reticulation,  the 
walls  in  \.  liiicoirf^haln  apj)carinL;  hii4hcr  in  relation  t(;the  central  bosses, 
while  the  niicropylar  wall  was  lower,  in  the  absence  of  fertile  eg^s  no 
experimental  work  was  carried  out,  but  on  the  t'\  ideiice  obtained  by 
rearing  the  species  iVom  a  collection  of  dried  lea\'es  taken  from  a  i'(;ot 
hole  it  is  possible  to  say  that  the  eggs  are  undoubtedly  endcnved  with 
similar  drought-resisting  i);jwers  to  tlu:  other  si)ecies  of  the  genus 
already  dealt  with.  On  two  or  thrc;e  occasions  considerable  batches 
ofinfertile  eggs  were  laid  by  bred  females  on  wet  filter  paper  or  wet 
wood  (this  latter  .seemed  more  attractive),  but  the  majoHty  of  the 
females  either  died  without  ovipositing  or  laid  only  a  few  eggs  at 
irregular  interxals. 

The  larvie,  like  those  of  5. /r.sv/V^Ar,  aj^pcar  able  tr)  survive  withcnit 
water  if  kei)t  moist.  A  lar\a  was  found  amoii;^^  wet  leaves  in  a  small 
water  hole  ;  its  skin  was  already  dr\'  where  expo.sed  to  the  air,  and  it 
was  incapable  of  movement.  On  immersion  it  recovered  and  a  male 
specimen  was  reared. 

Adults. — Like  the  other  species  of  Slcgoinyia  the  females  fed 
readily  and  vigorousl}'  on  human  blood,  and  were  less  disinclined  to 
bite  by  day  in  a  darkened  cage  than  either  vS.  simpsoiii  or  S.siigciis. 
Numerous  attempts  were  made  to  induce  the  insects  to  pair,  glass 
jars  as  well  as  small  and  large  wooden  cages  being  used.  No  attempts 
at  pairing  were  observed,  and  it  is  to  be  presumed,  as  infertile  eggs 
were  laid  on  several  occasions  by  the  females,  that  copulation  did  not 
take  place.  The  length  of  life  was  not  accurately  determined,  but  the 
females  lived  in  captivity  for  several  weeks. 

Ochlerotatus  apicoannulatiis. 

Specimens  were  reared  from  larvcU  taken  in  water  holes  at  the  roots 
of  trees,  in  rock  pools  and  occasionally  from  water  in  tins.  Many 
attempts  were  made  to  pair  the  insects  and  obtain  eggs.  Although 
tile  insects  lived  for  two  or  three  weeks  in  captivity,  and  the  females 
bit  fairly  frequently,  it  was  only  occasionalh^  that  they  filled  them- 
selves with  human  blood.  In  .several  instances,  however,  the  same 
individuals  fed  several  times.  Towards  the  clo.se  of  the  dry  season 
sjjecimens  were  reared  from  a  collection  of  fallen  leaves  taken  from 
water  holes  at  the  roots  of  a  cottonwood  tree.  These  were  placed  in 
a  large  cage  kept  dark  and  moist  b\hangirig  wet  clothing  over  it.  and 
one  or  two  c^f  the  females  fed  greedily  b)'  day  on  a  human  arm. 

No  attempts  at  [)airing  were  observed  and  no  eggs  were  laid. 
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OcJi Icrotatus  vi in u tiis . 

This  species  was  reared  from  larvae  taken  in  numbers  from  rock 
pools,  old  tins  and  water  holes  at  the  roots  of  trees  towards  the 
close  of  the  rains.  Numerous  attempts  were  made  to  get  the  insects 
to  pair  and  oviposit,  but  they  were  unsuccessful.  The  females  bit 
frequently,  and  sometimes  fed  well  on  human  blood. 

UranotcBH  ia  o  i  iia  tiis . 

This  species  was  reared  from  larvae  taken  exclusively  in  the  water 
which  collects  in  the  whorls  and  axils  of  the  leaves  of  plants  ;  many 
attempts  were  made  to  feed,  pair  and  obtain  eggs,  but  they  were 
all  unsuccessful,  and  the  insects  never  lived  more  than  36  hours  in 
captivity.  The  females  never  attempted  to  take  human  blood  or 
betra}'ed  the  slightest  inclination  to  bite,  nor  were  they  observed  to 
feed  on  the  honey  provided  for  them. 

Eretmopoditcs. 

Three  species  of  this  genus  were  taken  in  the  larval  stage  ; 
E.  qicinqnevittatus  from  collections  of  water  in  tins,  etc.,  in  some 
numbers  ;  R.  cJirysogaster  sparingly  from  the  same  situations  ;  and 
E.  dracoiiis  commonly  from  collections  of  water  in  the  whorls 
and  axils  of  the  leaves  of  various  plants.  The  close  similarity  in 
general  appearance  and  colouration  of  the  species  is  very  puzzling, 
and  makes  the  segregation  of  active  individuals  for  pairing  purposes 
a  matter  of  chance.  The  males  of  E.  dirysogaster  are  easily 
determined  by  the  tufts  on  their  hind  legs,  but  as  regards  £". 
quinquevittatus  and  E.  draccence  the  only  easy  mode  of  determination 
is  by  an  examination  of  the  pupa.  The  females  of  E.  quinquevittatus 
and  E.  draccence,  and  possibly  those  of  E.  chrysogaster,  fed  at  irregular 
intervals  on  human  blood  until  their  stomachs  were  distended  to 
an  extent  which  greatly  detracted  from  their  elegant  beauty.  A 
number  of  specimens  bred  from  a  collection  of  larvx  were  kept  in 
H.L.C.  cages  and  given  nightly  opportunities  of  feeding  on  human 
blood,  honey  being  placed  in  the  cages  for  the  males.  Occasionally 
they  were  all  turned  loose  for  a  few  nights  into  a  large  cage,  the 
females  being  segregated  afterwards  for  oviposition.  Most  of  the 
specimens  were  /i.  quinquevittatus,  but  males  at  least  of  E.  dirysogaster 
were  also  present.  A  small  number  of  eggs  were  laid  in  twos  and 
threes  ;  although  there  was  no  difference  in  colour  or  structure, 
there  was  a  striking  divergence    in    shape    and    size  ;    and    as    they 
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segregated  into  three  sizes  the  eggs  were  reared  in  separate  jars, 
but  the  pu[)al  stage  showed  conclusixely  that  all  the  eggs  were 
all  those  of  E.  quinqiicvittatiis. 


/■^ 
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Outlines  of  eggs  of  Eretmopodites  quuiqueviitatus^  showing  the  wide 
variation  in  size  which  exists  in  the  eggs  of  this  species.  Adults  were 
reared  from  all  the  eggs.  The  dotted  outline  shows  an  egg  of  Stegoniyia 
fasciaia  for  comparison. 


Both  sexes  were  reared  from  the  short  eggs,  and  a  pairing  was 
watched  in  a  H.L.C.  cage  ;  the  male  came  to  the  female  while 
she  was  resting.  The  blood-sucking  propensities  of  the  bred 
specimens  were  as  erratic  as  those  of  their  parents,  and  biting  w^as 
more  frequent  than  actual  feeding.  Though  the  insects  were  hardy 
and  bore  confinement  well,  they  did  not  live  long — about  three 
weeks  being  the  average  time,  the  longest  life  not  being  more  than 
a  month. 

^SS^  ^f  E.  qumquevittatiis. — These  were  almost  invariably  laid 
horizontally,  on  the  sides  of  the  jar  or  on  pieces  of  wood,  just 
beneath  the  water  surface,  and  the  firmness  of  their  attachment 
suggested  the  use  of  some  cement.  A  small  batch  laid  on  the 
1 2th  October  was  divided,  some  of  the  eggs  being  dried  and  the 
others  immersed  in  a  pan  of  water.  Those  taken  from  the  water 
all  collapsed  on  drying  while  the  others  hatched.  Unfortunately,  no 
opportunity  of  repeating  the  experiment  occurred,  but  the  suggestion 
is  that  the  eggs  of  this  species  are  not  drought  resisting,  and  this 
is  possibly  supported  by  the  fact  that  all  the  eggs  previously  laid 
hatched  within  a  few  days  of  laying,  there  being  no  cases  of 
serial  hatching  or  resistant  eggs. 

The  eggs  differ  markedly  in  appearance  from  those  of  Stcgomyia ; 
they  are  bright  brown  in  colour,  the  shell  looking  thinner  and  more 
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delicate.  In  shape  they  are  Ioniser  and  more  cylindrical,  with 
rounded  rather  than  |.H)inted  ends,  on!}'  the  slightest  trace  of 
as\-n"inietry  being  discernible  nt  the  micropylar  end.  The  large  eggs 
are  nearl)-  a  third  longer  than  those  of  normal  S.  Jhsciaia,  about  "8  to 
"9  mm.  ;  the  medium  sized  about  one  quarter  larger,  about  750  to 
•780  mm.,  while  the  small  Qgg^  are  scarcely,  if  at  all,  larger  than 
normal  eggs  of  S.  /dsa'd/a — being  about  "630  to  '650  mm.  in  length. 
These  short  eggs  were,  however,  thicker  than  the  medium  sized 
ones,  and  relatively  thicker  than  the  long  ones.  Actually  they  were 
not  quite  so  thick.  The  surface  is  smoother  than  that  of  the 
Stegoniyia  eggs,  the  cellular  reticulation  being  more  delicate,  while 
the  central  area  of  the  cells  is  slighth'  raised,  or  puffed,  to  use 
Mitchell's  term.  The  appearance  of  the  empty  shell  suggests,  how- 
ever, that  the  raised  areas  are  structural  features  of  the  egg-shell,  and 
not  pockets  containing  a  separate  substance  as  in  Stegomyia.  In  the 
absence  of  sections,  however,  it  is  not  possible  to  speak  with  certainty 
on  this  point.  All  three  forms  of  ^gg  produced  normal  adults,  the 
only  observed  differences  being  in  regard  to  date  of  hatching  and 
development  of  larva:,  the  short  eggs  taking  five  or  six  days  to 
hatch  as  against  two  or  three  in  the  case  of  the  larger  eggs  ;  while 
the  larva:  which  emerged  from  them  fed  up  more  rapidly,  but  as 
the  larva:  were  kept  in  separate  jars  this  may  have  been  due  to 
variation  in  food. 

Lai'vce. — The  larvct  of  these  species  are  long,  slender,  even  in 
comparison  ^\'ith  those  of  Stegomyia^  and  of  pale  colouration.  They 
.show  traits  of  gn^und  feeding,  moving  over  the  sides  and  bottom 
of  the  jar  with  a  walking  or  gliding  movement,  browsing  as  they 
go.  This  habit  is  also  very  noticeable  with  young  larva;  of 
Stegoniyia  fasciata,  but  it  gradually  becomes  less  noticeable  as  they 
grow  older,  whereas  it  is  characteristic  of  the  larv^ne  of  Eretmopodites 
when  fully  grown. 

Pupce. —  In  this  stage  llretmopodites  exhibit  some  marked  diver- 
gencies from  other  mos(|uito  [)upaj,  and  also  vary  widely  within  the 
grrjup.  The  abdomen  is  larger  and  longer  in  relation  to  the  thorax 
and  less  curved,  rendering  the  puija-  as  a  whole  straighter  and  less 
"comma"-like  than  the  other  mos(juito  pui)a.' dealt  with  in  this  jveport. 
The  padflles  are  relatively  small  and  lu.-avily  fringed  w  ilh  hairs,  while 
in  li.  (juiiKjucvitlatus  the  reduction  in  size  is  so  marked,  and  the 
importance  of  the  hairs  on  the  apex  of  the  paddles  and  terminal 
segments  of  the  pupa-  are  so  exaggerated,  that  it  appears,  superficially 
at  any  rate,  to  differ  more  frc^m  its  fellow  species  w  ithin  the  group 
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tlian   the    genus    as    a    whole    docs    from    Sfr^i^wnvia    in    respect  o( 
pupal   characters.    [See  Figures  on   pp.    142  and    144.) 

Adults. — As  ah'eady  noted,  these  extremely  beautiful  and  elegant 
insects  are  certainly  blood  suckers.  It  is,  however,  doubtful  if  man 
is  the  normal  host.  Specimens  given  honey  and  water  and  banama 
li\ed  for  two  or  three  weeks,  although  they  were  never  observed 
to  feed  on  the  foods  given  them.  The}'  ha\c  a  characteristic  habit 
of  wandering  about  and  carefull\'  probing  with  their  slighth'  curved 
proboscis  the  surface  of  wood  and  glass,  as  though  searching  for 
minute  drops  of  moisture. 
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VII. -NOTES  REGARDING  THE  POSSIBILITIES  OF  THE  PUPAL 
PADDLES  (ANAL  PLATES  OF  WESCHE)  FOR  PURPOSES  OF 
CLASSIFICATION  AND  THE  SEPARATION  OF  ILL-DEFINED 
SPECIES. 

An  examination  of  the  pupa  cases  of  the  species  of  Stegoniyia^ 
Eretiuopodites,  and  other  mosquitoes  bred  at  Freetown  during  the 
course  of  the  research,  showed  that  very  marked  differences  may 
occur  in  the  pupal  paddles  of  closely-related  species.  Though 
time  did  not  permit  of  a  full  examination  and  detailed  description 
being  made  of  all  the  pupal  characters,  the  dix'ergence  in  shape 
and  structure  of  these  appendages*  proved  so  convenient  and  easy 
a  method  of  separating  species  closely  resembling  each  other  as  do 
the  females  of  E.  quinqtievittatus  and  E,  cJirysogastcr  that  preparations 
and  camera  drawings  were  made  of  as  many  species  as  possible. 

Incidentally  this  led  to  the  discovery  of  a  new  species  bred 
from  collections  of  water  in  the  central  whorl  and  axils  of  the 
leaves  of  plants,  which  is  described  by  Mr.  F.  W.  Edwards  under 
the  name  of  F.rctniopodites  draccetuc  Edw.  in  the  "  Bulletin  of 
Entomological  Research,"  Vol.  VI.,  Part  4. 

Although  the  divergence  in  structure  between  the  paddles  of  it. 
quinquevittatus  d.nA  those  of  the  other  species  of  the  genus  Eretiuopodites 
is  so  remarkable,  this  would  seem  to  be  unusual,  a  slight  difference, 
such  as  that  existing  between  the  various  species  of  Stcgoniyia  being 
more  general  ;  while,  on  the  other  hand,  there  may  be  a  close  approxi- 
mation in  character,  as  is  the  case  with  AnopJieles  (PyretopJiorus) 
costalis  and  {^Myzoniyia)  funestiis.  There  seems,  therefore,  no  like- 
lihood, so  far  as  the  scanty  material  examined  goes,  that  these 
characters  could  be  made  to  afford  the  basis  for  an  independent 
scheme  of  classification,  such  as  has  already  been  suggested  on  larval 
characters.  On  the  other  hand,  these  pupal  apj^endages,  which  are 
cjbviously  likely  to  be  adaptive  rather  than  ancestral  in  character, 
afforded  so  ready  a  means  of  discrimination  in  the  above  case  that  it 
seems  wcjrth  while  to  call  the  attention  of  workers  in  this  group  of 
insects  to  their  possibilities. 

This  apjjears  t(j  be  the  more  necessary  as  Wesche  (1910)  in  his 
paper  dealing  with   the  larval   and  pui)al  stages  of  the  West  African 

*  VVcsche  (1910)  lciiii>  these  fins  "AikiI  Thilcs."  The  aulhors  of  the  C'aiiu't;ic 
Monograph   (1912,  clc.)   refer  to  them  as  "Anal    I'addlcs." 
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Culicid(e  has  scarcely  clone  justice  to  the  pupal  characters.  The 
species  he  treats  of  do  not  show  any  such  striking-  differences  as 
those  between  the  various  Jlretmopoditcs  referred  to  above,  but, 
judging  by  the  plates  illustrating  his  article,  insufficient  magnification 
has  been  used  and  the  representation  of  Anopheles  (Pyretophorus) 
costalis  is  seriously  in  error  as  regards  the  character  of  the  terminal 
hair  or  seta  on  the  paddle,  which  is  really  strongly  reminiscent 
of  a  boot-hook.  (Compare  Fig.  19,  page  146,  with  fig.  6,  plate  VI.,  in 
Wesche's  paper.) 

It  is  somewhat  remarkable  also  that  Messrs.  Howard,  Dyar  and 
Knab  (191 2)  in  their  monograph  of  the  Mosquitoes  of  North  and 
Central  America  and  the  West  Indies  have  made  but  slight  use 
of  the  pupal  paddles,  while  to  my  great  disappointment,  the  mag- 
nificent plates  illustrating  this  work  show  the  pupc-e  only  in  lateral 
aspect. 

Pending  the  description  and  figuring  of  a  wider  range  of  species, 
the  characters  afforded  by  the  paddles  can  only  be  used  in  the 
same  limited  manner  as  at  first  supplied  to  the  genitalia  of  insects 
generally,  ?>.,  as  a  test  of  separation  in  difficult  cases.  For  this 
purpose  the  paddles  of  mosquito  pupae  are  readily  available,  as  the 
pupa  case  can  be  examined  under  a  low  magnification  and  the 
paddles  are  all  in  one  plane. 

Permanent  mounts  are  very  easily  made.  The  empty  pupa 
case  should  be  removed  from  the  breeding  jar  as  soon  after  the 
emergence  of  the  adult  as  possible  ;  while  it  still  floats  is  best.  It 
is  then  spread  on  a  slide,  the  wing,  leg  and  thoracic  portions  of 
the  case  being  separated  and  opened  out  if  desired.  A  cover  slip 
is  dropped  over  it  and  tied  down  with  fine  cotton  ;  it  can  then 
be  dehydrated  in  alcohol,  transferred  to  xylol  to  clear,  the  thread 
cut  off  and  balsam  run  in  without  disturbing  its  arrangement. 

All  the  figures  are  drav/n  to  the  scale  of  30  diameters,  except  that 
of  Toxoi'liynchites  brevipalpis^  which,  ou'ing  to  its  large  size,  has  only 
been  magnified  x  10. 

In  several  cases  the  seta:,  though  represented  as  simple,  are  actually 
branched,  but  so  minutel}'  that  it  was  impossible  to  show  this  feature 
without  gross  exaggeration.  The  marginal  fringes  to  the  paddles 
would  appear  in  all  cases  to  be  the  development  of  a  serrated  edge, 
even  when  the  fringe  is  very  long,  as  with  Eretuiopodites  chrysogasier ; 
the  distinction  between  these  tapering  filaments  and  the  round 
sectioned  set;e  on  the  abdominal  segments,  or  the  terminal  ones  on  the 
paddles,  is  quite  clear.     In  some  cases,  as  with  Stegoniyia  sugens  and 
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OcJilcj-otatits  apicoajuiulatus,  the  serrations  arc  excessively  minute  and 
delicate.  In  mcxst  instances  it  was  onl\'  practical  to  represent  these 
fringes  by  single  lines. 


^^-H=^-='^^' 


Fig.  4. 


Fig.  s. 


Fk;.  6. 


Fig.  7. 


Figures  4,  5,  6  and  7  represent  the  paddles  of  Stcf^ouiy'Kx  fasciata^ 
sugens,  sinipsoni  and  luteocephala.  All  four  s])ecies  show  well  marked 
differences,  the  marginal  fringe  in  fascia/a  and  s/z/pso///'  consists  of 
delicate  serrations.  The  asymmetry  of  the  terminal  lateral  seta-  on 
the  eighth  alxlonn'nal  segment  ^){  littcoccpJiala  is  rallier  noticeable.,  but 
is  of  course  n(jt  a  normal  feature  —  asymmc^trical  divergence  in  the 
setae  of  insects  being  by  no  means  an  uncommon  phenomenon. 
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The  paddles  of  Oclilcrotatus  simulans  (Fic(.  8),  apicoaniiulatits 
(Fig.  9\  and  j/iinutiis  {¥\g.  lo),  though  very  similar  in  general  aj){jear- 
ance,  each  show  one  or  more  distinguishing  features. 


Fig.  8. 


Fig.  9. 


P'iG.  10. 

The  four  figures  of  the  paddles  of  Erctuiopodites  are  those  of 
quinquevittatus  {Y\g.  i\),chn'sogaster  {Y\%.  12),  draccsncE  {¥\g.  13),  and 
an  undetermined  specimen  (Fig.  14).  The  heavily  fringed  paddles  of 
the  last  three  specimens,  together  with  the  extraordinary  speciaHzation 
of  qiimquevittatus,  make  the  group  a  very  interesting  one  as  regards 
this  character.     Only  a  single  specimen  of  the  undetermined  species 
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was  obtained,  and,  owing  to  some  mischance,  the  adult  which  emerged 
from  it  either  escaped  or  was  mislaid,  and  a  specimen  of  E.  dracceticu 
was  b\-  mistake  associated  with  it. 


Fk;.  II. 


Fig.  12. 


Fi<;.  13. 


Fir,.  14- 


UranotcBnia  ornata  (Fig.   15)  w^^    ^^^"^  ^^'^b^  ^P<-'^^ies  of  the  genus 
taken  ;  it  has  finite-  flistinctivc  parldlc  characters. 
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Culcx  tii^ripcs  (I'i^.  t6)  lias  broad  rrin<^elcs.s  paddles,  with  two  small 
fan-branched  lateral  sct;e  on  the  eii^hth  segment. 


Fig.  15. 


Fkj.   16. 


Fig.    17. 


Fui.    18. 


Culiciomyia  nebulosa  (Fig.  17)  has  much  the  same  general  type  of 
paddles,  but  differs  as  regards  these  lateral  setcU. 

Toxorhyncliites  brevipalpis  (Fig.  18). — The  paddles  of  this  giant 
species  have  no  terminal  spine;  the  lateral  setai  on  the  eighth  segment, 
which  are  specially  developed  on  the  other  specimen  figures,  are  small 
and  inconspicuous,  but  certain  dorsal  seta,-  on  the  seventh  and  eighth 
abdominal  segments  are  very  long  and  markedly  serrated. 
L 
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A)wphclcs. — The  onlx-  two  species  obtained  were  PyrctopJiorus 
costalis  (Fi<^.  19)  and  Myzonii<i  fuiiestus  (Fi^.  20).  The\'  are  almost 
identical  in  the  character  of  the  terminal  segments  and  paddles,  the 
only  noticeable  point  of  difference  being  that  the  lateral  setai  on  the 
eighth  abdominal  segment  of  fuucstus  are  larger,  with  less  spread  of 
the  branches  than  in  costalis.  This  difference  is,  however,  rather  more 
accentuated  in  the  illustration  than  it  should  be. 


Fk;.  19. 


Fk;.  20. 
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VIII.— NOTE  REGARDING  THE  REARING  OF  SEVERAL  SPECIES 
FROM  DEAD  LEAVES  TAKEN  FROM  AN  EMPTY  WATER- 
HOLE    DURING    THE    DRY    SEASON. 

In  the  earl}'  part  of  January  a  small  number  of  fallen  leaves  in 
a  (]r\'  water-hole  at  the  root  of  a  Cottonwood  tree  were  collected  and 
examined  for  eggs  (s(r  Plates  i  and  2,  p.  6).  About  thirty  leaves 
were  carefully  examined  under  a  binocular  dissecting  microscope. 
Eggs  were  found  on  several  leaves  ;  examples  were  sent  home  to  be 
photographed  by  Mr.  F.  Noad  Clark,  and  for  exhibition  at  one  of  the 
meetings  of  the  Yellow  Fever  Commission  ;  these  last  were  passed  on 
to  Mr.  Malcolm  Evan  MacGregor,  of  the  Wellcome  Bureau  of 
vScientific  Research,  who  reared  a  number  of  specimens  of  Stegoinyia 
fasciata  from  the  eggs.*  Specimens  of  ^\  fasciata  were  also  reared 
in  Freetown  from  eggs  laid  on  one  of  the  leaves, 


PHOTOGRAPH    OF    ECxGS    OF    STEGOMYIA    FASCIATA. 


Photo  by  F.  Noa-i  Clark.  Pldic    \o.    2^. 

Eggs  of  Stcgomyia  fasciata^  laid  on   a  leaf  of  Cottonwood  tree.  x  40. 


*  Journal  of  Tropical   Medicine  and  Hygiene.      "  Notes  on  the   rearing    of  Stegomyia 
fasciata  in  London,"  Vol.  XVIII. ,  No.  17,  pp.  193-196- 

L=* 
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Duriiii;'  the  latter  part  of  Januan'  a  further  collecticjii  of  fallen 
lea\es  was  made  from  the  dry  water-holes*  in  the  same  tree,  but,  as 
time  did  not  permit  of  their  examination  for  eg<^s,  they  were  left 
lying  in  a  paper  envelope  on  the  laboratory  bench.  No  opportunity 
for  careful  search  having  occurred  by  the  13th  March,  the  leaves 
were  placed  in  a  new,  carefull}-  cleaned  petroleum  tin  and  about 
5,ooo  cc.  of  tap  water  added.  By  the  15th  March  the  water  was 
s\\'arming  with  larvae  of  all  sizes  up  to  the  third  skin.  A  few 
were  examined  and  found  to  be  larvct  of  ^\  fasciata.  A  number 
of  dead  cockroaches  were  placed  in  the  tin  on  this  date.  On  the 
17th  March  (four  days  after  the  immersion  of  the  leaves)  about  30 
pupaj  were  captured  and  transferred  to  glass  jars.  On  the  i8th  a 
further  50  were  caught  in  the  tin  ;  9  males  of  S.  fasciata  emerged 
from  the  first  batch  of  pupct  one-hundred-and-twenty-six  hours 
after  the  leaves  were  placed  in  water.  On  the  19th,  37  more  males 
and  4  females  of  6'.  fasciata  emerged  ;  over  100  specimens  of 
both  sexes  emerged  on  the  20th  March,  and  i  male  specimen 
ot  S.  siinpsoui\  on  the  21st  March,  in  addition  to  vS.  fasciata, 
more  specimens  of  S.  siiiipsoiii  and  a  number  of  ^.  hiteocephala 
and  Oclilcrotatus  apicoannulatus  emerged.  There  was  rather  a 
heavy  death  rate  among  the  larvae:  in  the  tin,  due  apparently  to 
too  large  a  number  of  cockroaches  being  added  and  causing  a 
greasy  scum. 

The  total  numbers  reared  were: — 


.S'   fasciata. 

S.  si  Dip  son  i. 

■ 

.V.  htteocepJiala. 

0.  apicoanindatus. 

18  ... 

Males. 

Females, 

Males. 

Females. 

Males.    Females. 

Males. 

Females. 

Mardi 

9 

! 

■    ■■  1 

19  ... 

37 

4 

... 

...               ... 

... 

20  ... 

25 

72 

I 

21   ... 

'<; 

57 

7 

8 

19                 1 

5 

6 

22  ... 

4 

4 

6 

24                 7 

0 

23  ... 

1 

I 

... 

2 

3            25 

24  ... 

... 

2 

... 

95 

•38 

8 

16 

4^>           35 

5 

9 

*  Allhou^'li  there  was  no  \v;ilcr  in  the  Ixiles  al  llns  <lalc,  tlu-  malted  mass  of  decaying' 
leaves  at  t lie  holton-i  was  still  moist  :  llie.sc  were  not  dislni  lic<l,  only  the  loose  undccaycd 
leaves  \k\x\\^  collected. 
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I^^-om  this  record  it  will  be  seen  tliat  .V.  fasciata  is  easily  the 
quickest  breeder,  the  average  times  being:  S.  fasciata^  yi  days; 
5.  simpsoni^  8*4;  .V.  lutcoccphala,  9-1;  and  O.  nf^iioaiiriNlatus^  8-2. 
Perhaps  the  chief  point  of  importance  in  this  breeding  record  is 
the  proof  it  affords  of  the  passage  through  the  dry  season  in 
the  ^g^^  state  of  S.  sinipsoni,  S.  luteocepJiala^  and  Ochlerotatits 
apicoannulatus. 

A  careful  watch  was  kept  on  the  breeding  tin  for  larvae  that 
were  expected  to  emerge  from  resistant  eggs,  but  none  occurred, 
although  cooling  was  resorted  to.  It  is  a  possible,  if  not  a  very 
satisfactory,  explanation  that  the  grease  in  the  water  from  the 
cockroaches  proved  fatal  to  the  late  hatched  larvai. 
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IX.— METEOROLOGICAL  CONDITIONS  AS  AFFECTING  THE 
BREEDING  AND  DISPERSAL  OF  MOSQUITOES  AT 
FREETOWN. 

The  character  of  the  incoming  rainy  season,  together  with  the 
tornadoes  which  herald  its  approach,  is  probably  of  great  importance 
in  this  connection,  as  quite  small  divergencies  may  cause  exaggerated 
effects  in  regard  to  the  numbers  and  distribution  of  the  various  sf)ecies. 

The  early  tornadoes  (which  commenced  on  the  /th  March)  were 
frequently  of  the  nature  of  dry  squalls  ;  if  accompanied  by  rain  at  all 
it  usualh'  fell  only  towards  the  end  of  the  blow.  Their  direction  was 
generally  from  the  E.S.E.,  travelling  down  the  estuary  of  the  Sierra 
Leone  River  and  through  the  gap  in  the  hills  behind  Mount  Aureol. 
They  were  generally  accompanied  by  clouds  of  dust ;  and  insects, 
especially  small  ones,  such  as  mosquitoes,  would  easily  be  caught  up 
and  carried  by  the  wind  like  snowflakes,  dropping  to  earth  behind 
any  shelter,  such  as  the  banks  of  the  brooks,  houses  and  streets  of 
Freetown  would  afford. 

Coincident  with  these  squalls  reports  of  mosquitoes  on  the  shipping 
in  the  harbour  occurred,  also  cases  of  fever.  Specimens  of /^.  costaiis, 
S.  fasciata  and  a  number  of  C.  nebulosa  were  received  from  Dr.  Costello 
of  the  s.s.  "  Transmitter,"  which  lay  some  500  or  600  yards  off  shore. 

Some  of  the  most  extensive  breeding  grounds  (Kissy  flats,  see 
Plates  13,  14  and  15,  pp.  14,  16)  for  the  Anopheles  mosquitoes  lay  a 
few  miles  up  river  S.E.  of  Freetown,  so  that  an  immigration  of  these 
species  into  Freetown  during  the  season  of  these  dry  squalls  is  a 
possibility  to  be  reckoned  with  ;  more  especially  is  this  the  case,  as 
the  squalls  generally  take  place  at  night,  or  just  before  daybreak,  when 
mosquitoes  are  likely  to  be  on  the  wing. 

It  is  therefore  of  importance  to  the  mosquito  section  of  the 
sanitation  of  Freetown  that  the  administrative  area  should  be  enlarged 
s(j  as  t(j  include  these  outlying  districts,  and  attempts  made  to  confme 
the  surface  water  10  definite  cuts,  in  place  of  allowing  it  to  trickle  out 
over  the  large,  genlly-sloping  areas  bordering  the  railway  {sec  Plates 
9,  10  and   13,  pp.   12,  13,  14). 

It  is  also  specially  important  that  attacks  on  possible  m()S(|uit() 
breeding  places  should  he  commenced  at  the  \v\y  onset  of  the  rains. 
These  are  necessaril)-  few  in  luimber,  .'ind  restricted  in  area  at  this 
period,  and    might   be  schediik:d,  as   tlu'\'    will   consist  of  pools  in  the 
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beds  of  the  deeper  drainage  gullies  {sec  Plates  24  and  25),  and 
hollows,  enipty  water-holes  and  small  dried-up  ponds.  Later,  when 
the  rains  are  heavier  and  the  showers  more  frequent,  all  these  places 
will  be  impossible  as  breeding  situations,  because  the  drainage  gullies 
(natural  or  artificial)  will  form  the  beds  of  streams   so  torrential    in 

ROCK     POOLS     NEAR     WILBERFORCE     STATION. 


PIdfe  No.  24. 

Rock  Pools  in  roadside  drain.  During  early  May  these  pools  swarmed  with 
pupae  of  StegoDivia  \  in  June  and  July  tlie  constant  rainfall  kept  them 
washed  clear. 


character  that  any  larvai  or  pupce  will  be  swept  into  the  creeks,  while 
the  larger  and  more  permanent  pools  will  have  attracted  numbers 
of  frogs  and  toads  intent  on  breeding.  The  available  breeding  places 
of  the  mosquitoes  change  as  the  season  advances,  the  number  of 
collections  of  water  being  enormoush'  increased,  as  even  the  slightest 
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hollows  can  he  utilized  when  showers  are  constantly  renewini^ 
the  water  in  them  isrr  Plates  4,  5  and  7,  pu.  S,  9,  11).  Very  great 
risks  of  drx-ing  up  are  taken  b\-  the  species,  as  the  notes  on  Stro-ojnrid! 
siigt'fis  on  page  i  32  will  show,  but  nioscjuitoes,  and  especially  Stegoniyia, 
with  its  serial  hatching  Gggs,  are  adapted  to  these  precarious  conditions; 

MOSOriTO     r.REEDING     POOL. 


P/(ik  Xo.  25. 

J\ock    J'o(j1   in   the  y utter  of  Murray  Town    Road,  wliich  was  tenanted  1))'  swarms 

of  ])U|)a'  of  Slci!;o)iiyi(i  sm^fiis. 


the  constant  dangers  from  predaceous  enemies  and  competition  by 
other  orgam"sms,  whose  life  C)'cle  is  not  so  rapid,  in  the  more  permanent 
collections  of  water  being  of  more  moment  to  the  species  than  the 
mortalit}'  arising  from  (  limatic  conditions. 
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X.  — EXPERIMENTS    DEALING    WITH    THE    DESTRUCTION    OF 

STEGOMYIA   FA  SCI  AT  A. 

Experiments  dealing;'  witli  tlic  destruction  of  Stegomyia  fascinta 
were  limited  to  the  eij^,  hirxal  and  pupal  stages,  and  the  use  of 
simple  and  easily  obtained  articles — ordinar}-  burning  petroleum, 
soft  soap,  flake  naphthalene  and  salt  water  (from  the  harbour) — one 
of  the  objects  of  the  trials  being  to  ascertain  to  what  extent  the 
eggs  were  destroyed  by  methods  readily  applicable  to  the  larval 
stage.  The  tests  carried  out  with  emulsions  were  directed  chiefly 
against  the  active  larval  and  pupal  stages,  the  attenuated  quantities 
of  emulsions  used  having  but  little  effect  on   the  resistant  eggs. 

No  experiments  were  conducted  with  the  adult  insects,  as  with 
the  limited  time  and  means  at  my  disposal  the  possibility  of 
improving  on  the  already  recorded  remedies  and  tested  methods  of 
applying  them  seemed  remote. 

In  order  to  render  the  tests  as  strictly  comparative  as  possible, 
the  trials  w^ith  the  different  substances  were  carried  out  at  the  same 
time,  the  eggs,  larvae  or  pupai  being  taken  from  a  common  source, 
the  test  on  eggs  with  petroleum-soft  soap  emulsion  being  an 
exception. 

Experiment  No.  XL IX. 

COMPARATIVE     EFFECT    OF    SOFT    SOAP    AND     PETROLEUM 
(i    IN    600)    ON    EGGS,    LARV^    AND    ?\]^M. 

300  cc.  of  tap  water  was  placed  into  each  of  two  large  beakers  of 
three-and-a-half  inches  diameter. 

A  portion  of  a  large  batch  of  eggs  of  Stegomyia  fasciata  recently  laid  on 
filter  paper  was  then  submerged  in  each  of  the  beakers,  and  a  number  of 
active,  well-grown  larvae  and  pupa^  were  also  put  in. 

•5  cc.  of  petroleum  (=1  in  600)  was  dropped  on  the  surface  of  the  water 
in  beaker  7^.,  while  "5  gram  of  soft  soap  (=1  in  600)  was  dropped  into 
beaker  S.S. 

50  eggs  of  the  same  batch  were  placed  in  salt  (harbour)  water  as  a  control. 

Temperature  of  water  about  80'  F. 

Within  I  hour  most  of  the  larvx'  and  pupae  were  dead  in  both  of  the 
beakers. 

After  20  hours. 

Effect  on  eggs  : — 

P. — Some  of  the  eggs  have  hatched  and  the  young  lanae  are  swinuning 
about. 
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S.S. — No  young  living  \avvx  are  visible. 

^W/  ]]'aft'?-  Control. — A  number  of  eggs  hove  hatched  and  the 
young  larvae  are  dead. 

The  eggs  were  then  removed  from  the  water  and  halved,  one-half  being 
returned  to  the  beakers  and  the  other  carefully  examined  under  the  binocular 
microscope  : — 

P. — 4  eggs  had  hatched  out  of  6i  examined. 

S.S. — No  eggs  had  hatched  out  of  68  examined. 

These  half  batches  were  then  dried  and  put  into  clean  tap  water  to  test 
the  effect  of  20  hours'  immersion  in  petroleum  and  soft  soap  on  them, 

Ajtei'  48  hours  immersion. 

P. — Many  more  eggs  have  hatched  and  larvae  are  living  ;  at  least  one 
has  moulted. 
Of  the  half  removed   to   tap  water,  28  have  hatched  and  larvae  are 
living. 

S^S. — Of  the  eggs  left  in  the  beaker,  31  out  of  60  have  hatched,  but  no 
living  larvae  are  visible,  the  water  is  too  cloudy  to  admit  of 
certainty  as  to  all  being  dead.  Of  the  half  removed  to  tap  water 
39  have  hatched,  all  of  which  are  living. 

Salt  Water  Conlro/. — 31  out  of  about  50  eggs  put  in  have  hatched; 
only  one  larva  is  living  (it  died  shortly  afterwards). 

After  96  hours. 

P. — The  water  still  smells  of  ])etroleum,  but  the  larvae  which  hatched 
from  the  eggs  are  doing  well. 

.S^.S'. — No  signs  of  living  ]arv?e. 

Of  the  eggs  removed  from  the  beakers  after  20  hours'  immersion  in  water 
to  which  petroleum  or  soft  soap  had  been  added,  all  but  two  or  three  doubt- 
fully fertile  eggs  have  hatched. 

In  the  salt  water  control  8  more  larvae  have  ha'ched  and  the  larvae  are 
dead. 

After  8  days. 

P. — A  large  number  of  small,  underfed  but  active  larviie  are  present. 
All  the  eggs  have  hatched. 

.S'..V. — No  living  larvae.  All  the  dead  ones  found  are  in  the  first  skin. 
A  few  unhatched  eggs  present.  After  drying  and  re-immersing 
these  resistant  eggs  in  clean  water  13  hatched  within  two  days, 
but  about  half  the  larvjie  died  shortly  after  emerging. 

Conclusion. 

Petroleum. —  i  in  600  kills  all  larv;e  and  pupa"  but  fails  to  dcstrcy  the  eggs, 
and  the  larvic  which  hatch  survive. 

Soft  Soap. —  I  in  600  kills  all  larv;e  and  |)U|);r  and  also  the  young  larviu 
which  hatch  out  from  submerged  eggs.  It  has  no  effect  on  eggs  v.'hich  have 
been  submerged  for  20  hours,  but  has  detrimental  effects  on  a  jjioportion  of 
those  which  have  been  submerged  for  8  days. 
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Experiment  N'o.  Z. 
Second  yVia/. 

CONTRASTED  r:FFECT  OF  PETROLEUM  (i  IN  4,000),  SOFT 
SOAP  (i  IN  8,000),  AND  NAPHTHALENE  (1  IN  8,000)  ON 
EGGS,    LARV/E    AND    PUP/E    01'    STEGOMYIA    FASCIATA. 

In  this  experiment  thoroughly  cleaned  petroleum  tins  cut  down  to 
six  inches  in  depth  were  used.  The  size  of  the  tins  is  nine  inches  by  nine 
inches  with  curved  corners.     Approximate  surface  area,  80  square  inches. 

4,000  cc.  of  tap  water  was  poured  into  each  tin  and  a  portion  of  a  large 
batch  of  eggs,  laid  three  months  previously  on  filter  paper  and  stored  dry, 
was  submerged  in  the  water.  A  number  of  active  larvre  and  pupcC  from  the 
breeding  pans  were  also  added. 

P. — I  cc.  of  petroleum  was  dropped  on  the  water  in  one  tin. 

S.S. — "5  gram  of  soft  soap  was  dropped  into  another. 

IV. — "5  gram  of  flake  naphthalene  was  scattered  on  the  water  of  the 
third. 

All  the  pans  were  covered  with  cheese  cloth.  Temperature  of  water 
about  80°  F. 

After  24  hours. 

P. — II  adults  have  emerged  and  are  living.  The  larger  proportion 
of  the  larv?e  and  pup^  are  dead,  but  a  number  are  still  living. 

Eggs. — Large  numbers  of  eggs  have  hatched  ;  some  of  the 
young  larvae  are  dead  but  the  great  majority  are  active. 

S.S. — 15  adults  have  emerged  and  are  living.  Most  of  the  pupae  and 
larvae  are  still  active  but  a  few  are  dead. 

Eggs. — Swarms  of  newly-hatched  larvae  are  swimming  about. 
No  dead  observed. 

N. — The  pupae  seem  to  be  quite  unaffected,  but  all  the  adults  that 
have  emerged  are  dead.  All  the  larvae,  save  a  few  inactive,  sickly- 
looking  ones,  are  dead. 

Eggs. — Numbers  have  hatched  but  there  are  no  newly-hatched 
living  larvae  to  be  seen. 

The  larvae  which  hatched  out  in  F.  beaker  of  the  first  test  (i  in  600) 
(Experiment  No.  XLIX.)  and  lived  for  eight  days  were  put  into  N'.  pan  of 
this  series. 

After  48  hours. 

P. — 10  more  adults  out.  All  the  remaining  pupas  and  most  of  the 
active  larvae  which  were  put  in  are  dead. 

Eggs. — The  larvae  which  have  hatched  out  are  now  very 
numerous.  A  small  proportion  are  dead,  but  most  are  quite 
active  and  many  are  in  their  second  skins. 
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^..S". — 9  more  adults  out.  'Hie  greater  number  of  the  lar\Te  put  in  and 
a  few  pupai  are  still  livinsj,. 

J^j^Xs. — Swarms  of  active  newly-hatched  larvix:  are  visible. 

J". — The  flakes  of  naphthalene  have  now  largely  disappeared  from  the 
surface  of  the  water  :  some  have  sunk,  others  have  doubtless 
evaporated. 

21  more  adults  are  out — ii  dead,  lo  living.  Only  3  living 
larvae,  of  those  originally  put  in  and  those  transferred  from  the 
jP.  beakers  in  the  first  trial,  remain. 

^^;^i".— Large  numbers  of  dead  newly-hatched  larvae  are  visible 
but  no  living  ones. 

Conclusion  ai'  48  Hours. 

Fetroli'u7n.  -1  in  4,000  (i  cc.  to  80  square  inches  area),  while  generally 
effective  as  a  larvicide,  allowed  of  a  few  survivors.  It  is  very  ineffective  as 
against  pupae,  a  considerable  proportion  being  able  to  complete  their  develop- 
ment and  successfully  emerge  as  adults.  Its  effect  on  submerged  eggs  or  the 
larvae  hatching  from  them  is  negligible. 

Soft  Soap. — I  in  8,000  is  practically  useless.  It  kills  only  a  small 
proportion  of  the  active  larvae  and  pupa^  and  has  no  effect  on  the  eggs  or 
young  larvai  that  emerge  from  them. 

Naphthaleiie. —  i  in  8,000  is  not  effective  as  against  pupae,  but  (in  a  covered 
pan)  kills  all  adults  that  emerged  within  24  hours  and  about  50  per  cent,  of 
those  emerging  on  the  second  day.  With  a  few  exceptions  it  is  fatal  to  all 
larvae,  those  emerging  from  eggs  as  well  as  those  present  from  the  start,  for  a 
period  of  48  hours. 


Experime7it  No.  LT. 
Sequel  to  Experi77ient  N'o.  L. 

After  8  days. 

P. — The  few  resistant  larvae  of  those  jnit  in  continued  to  live,  while  the 
young  larvie  that  hatched  from  the  eggs  grew  and  thrived  so  far  as  a  rather 
short  allowance  of  food  would  allow  them. 

•5  gram  of  flake  naphthalene  was  s])rinklc(l  o\er  the  surface  of  the  water 
and  the  cheese  cloth  cover  removed.  Within  24  hours  the  great  majority 
were  either  dead  or  dying. 

A  few  survivors  were  still  living  after  48  hours,  when  a  further  gram  of 
flake  naphthalene  was  sprinkled  on  the  water,  the  pan  remaining  uncovered. 

Although  the  numbers  living  when  this  additional  (|uantit\  ol  naphthalene 
was  added  were  reduced  a  few  of  the  larxa:  survived  and  pu|)at((l. 

.S'..V. —  Upon  the  conclusion  of  the  48  hours'  list  iheic  were  a  considerable 
number  of  pupie  and  well  grown  larvie  [)resenl  in  addition  to  the  swarms  of 
young  ones  that  had  emerged  from   the  eggs,      food  (dead  grassho[)[)ers)  was 
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placed  ill  thf  tin  and  anoUicr  "5  gram  of  sofL  soai)  added,  bringing  soap 
content  up  to  i  in  4,000.  Tliis  addition  had  no  apparent  effect  in  redu("ing 
the  numbers  after  48  hours  ;  the  young  lar\;e  had  grown  and  some  of  the 
older  ones  had  pupated. 

The  addition  of  another  gram  brought  the  soaj)  content  up  to  1  in  2,000. 
72  hours  later  observation  showed  that  the  increase  was  partially  effectual. 
Adults  emerged  from  the  ])upcC  and  some  of  the  better  grown  larvae  weie  still 
active,  but  the  great  proportion  of  the  young  larva:  were  dead,  although  a  few 
which  had  reached  the  third  skin  survived. 

A  third  gram  of  soft  soap  was  added  (3  in  4,000).  This  also  proved  after 
48  hours  to  be  only  partially  effectual,  living  larvix;  and  pupi\:  being  still 
present.  24  hours  after  the  addition  of  a  fourth  gram  (i  in  1,000  strength) 
all  the  survivors  were  dead.  A  fresh  batch  of  larva:  and  \)u\)x  were  added, 
and  these  also  were  all  killed  within  24  hours. 

Of  a  further  batch  which  were  placed  in  the  pan  some  survived  until  the 
second  day,  but  all  were  dead  after  72  hours. 

Naphthalene. — In  addition  to  the  trial  with  the  surviving  larva:  of  7^.,  in 
Experiment  No  L.,  as  above  recounted,  a  few  of  the  older  larvcT  which  had 
survived  the  48  hours'  trial  at  i  in  8,000  naphthalene  were  living,  together 
with  a  number  of  young  ones  which  had  hatched  out  a  day  or  two  later 
when  the  effects  of  the  naphthalene  had  passed  off.  A  gram  of  naphthalene 
was  sprinkled  on  the  surface  of  the  water  to  try  the  effect  of  i  in  4,000 
without  the  cover  to  the  pan  ;  most  of  the  young  larvne  were  quickly  killed 
off,  but  a  few  survived. 

With  a  covered  pan  i  in  4,000,  however,  proved  effective,  all  the  larva:  and 
pupa:  or  the  adults  emerging  from  them  being  killed?- 

Conclusion  arising  from  the  Sequel. 

Soft  Soap. — At  less  strength  than  i  in  a  1,000  sott  soap  is  not  an  effective 
larvicide,  but  at  this  concentration  it  is  decidedly  superior  to  petroleum  and 
IS  more  lasting  in  its  effects.      Its  effectiveness,  however,  gradually  ebbs. 

Naphthalene. — At  i  in  4,000  (i  gram  to  80  square  inches)  kills  all  larvae 
and  pupa:  or  the  adults  emerging  from  pupa:  in  a  pan  with  a  cheese  cloth 
cover.      It  is  not,  however,  totally  effective  if  the  cover  is  removed. 


Experiment  N^o.  LI  I. 
Third  Trial. 

EFFECTIVENESS  OF  PETROLEUM  AND  SOFT  SOAP,  AND 
PETROLEUM,  SOFT  SOAP  AND  NAPHTHALENE  IN  EMUL- 
SIFIi:i)  FORM  AS  COMPARED  WITH  PETROLEUM  ALONE 
TO  DESTROY  LARV^.  AND  PUP.E. 

The  emulsions  used  were  constituted  as  follows  : — Petroleu}n  and  soft  soap. 
3  parts  soft  soap  melted  by  heat  in  15  parts  of  water  ;  100  parts  of  petroleum 
added  very  gradually  with  much  stirring  and  shaking  while  the  soft  soap  was 
still  hot. 
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Petroleum,  Soft  Soap  and  Nap/it/ia/ene. — 4  parts  soft  soap  melted  in  20 
parts  of  water.  15  grams  of  naphthalene  was  gradually  added  to  too  cc.  of 
petroleum  (this  appears  to  be  the  saturation  limit  at  80^  F.).  The  petroleum 
with  the  naphthalene  in  solution  was  then  added  very  gradually,  with  much 
stirring  and  shaking,  to  the  hot  soft  soap  solution. 

In  practice  it  was  found  best  to  dilute  the  small  (juantitics  of  emulsions 
used  with  a  little  water  before  adding  it  to  the  pans  which  contained  the 
larvai  and  pup^. 

Tests. — These  were  conducted  in  cleaned  empty  petroleum  tins  cut  down 
to  six  inches  in  depth  :  the  surface  area  was  approximately  80  square  inches 
and  the  water  contents  4,000  cc.     Tins  with  cheese  cloth  covers. 

Period  20  lioiirs. 

(i)  Petroleum. — i  in  4,000  killed  7  pu])a3  and  37  larvce.      1  pupa  survived 
and  an  adult  emerged  but  died. 

P.  S.S.  emulsion. — i  in  8,000  killed  all,   11  pupix:  and  31  larvai. 

P.,  JV.  and  S.S.  emulsion. —  i  in  8,000  killed  all,  14  pupai  and  47  larxx. 

(2)  Petroleum. — i  in  8,000. 

After  20  hours   3  adults  emerged   and  died,    5   pupai  and  3  larvae 

living,  40  larvae  dead. 
After  48  hours  3  more  adults  emerged,    i  living,  2  dead  :   1  pupa 

living,   I  pupa  and  3  larvcX  dead. 

J\  S.S.  emulsion. — i  in  16,000. 

After  20  hours  i  adult  emerged  and  died;  8  pupai  dead; 
62  larvai  dead  ;  i  larva  just  capable  of  movement,  but  unable 
to  leave  the  surface ;  was  dead  next  morning. 

P.,  iV.  and  S.S.  emulsion.-  i  in  16,000. 

After  20  hours  10  pupa^  dead;  36  larva.^  dead;  1  larva  just 
capable  of  movement,  but  unable  to  leave  the  surface ;  was  dead 
next  morning. 

(3)  P.  S.S.  emulsion. —  i  in  20,000. 

After  20  hours  23  pup?c  dead;  27  larvai  dead;  3  pupa3  and 
5  larvae  swim  freely ;  2  larvai  make  feeble  movement,  but 
cannot  leave  the  surface. 

After  40  hours  5  pupa^  and  i  larva  survive  and  are  active. 

/■*.,  N.  and  S.S.  emulsiofi. —  i  in  20,000. 

After  20  hours  3  adults  emerged  and  died  ;  20  pupaj  and  29  larv;u 
dead;   i  i)upa  living;  4  larv.x'  make  feeble  movement,  but  can- 
not leave  tlie  surface. 
After  40  hours  all  the  survivors  dead. 

A  second  trial  with  /'.,  N.  and  S.S.  at  1  in  8,000  killed  all  the  larv;e  and 
jjupc'e  j)ut  in  the  same  day,  and  rendered  a  second  batch  put  into  the  same 
tin  on  the  following  day  incapable  of  active  movement  within  one  hour,  but 
two  or  three  of  this  second  l)atch  of  larvi\i  survived  until  the  next  day. 
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Conclusion. 

Petroleum,  soft  soap  and  napluhalenc  wlien  hlended  together  in  emul- 
sified form  are  much  more  effective  and  economical  in  use  than  when  used 
sej)arately. 

J\  and  S.S.  eiiiulsion  killed  all  at    i  in  16,000  and  a  large  proportion  at 
1  in  20,000. 

7^.,  N.  and  S.S.  emulsion  killed  all  at  1  in  20,000. 

Experiment  N'o.   LIU. 

EFFECT    OF   PETROLEUM    AND    SOFT  SOAP    EMULSION   ON 
THE    EGGS   OF   STEGOMYIA    FASCIATA. 


This  test  was  not  carried  out  at  the  same  time  as  the  larval  and  pupal 
trials,  but  several  months  later. 

Petroleum  and  soft  soap  emulsion  used,  i  in  8,000  dilution. 

Eggs  laid  not  more  than  three  weeks  and  dried  about  a  wxek  previously. 

After  22  hours. 

144  out  of  156  eggs  had  hatched  (=92  per  cent.),  2  larvas  showed  feeble 
movement,  and  the  rest  were  dead. 

12  unhatched  eggs  transferred  to  tap  water. 

Transferred  Eggs. — 6  hatched  next  day,  the  larvae  lived. 
Remaining  eggs  opened  on  the  ninth  day. 
3  living  larvcX  and  2  dead  ones  extracted. 
Remaining  egg  infertile. 

Control. — A  portion  of  the  same  batch  of  eggs,  196  in  number,  w\as  placed 
in  tap  \vater. 

81  hatched  (=41  per  cent.),  i  larva  died. 

Recently-laid  eggs  that  had  been  kept  moist  were  also  tested  in  a  separate 
pan  : — 

36  out  of  42  hatched  in  22  hours  (=85  per  cent.)  and  died. 

6  unhatched  eggs  were  transferred  to  tap  water. 

All  6  of  the  transferred  eggs  hatched  next  day  ;  the  larvae  lived. 

A  batch  of  eggs  that  had  been  stored  dry  for  4  months  was  submerged 
in  the  same  diluted  emulsion,    i   in   8,000. 

Out  of  51  eggs,  some  of  which  showed  signs  of  shrinkage,  6  hatched 
within  22  hours  and  2  uncapped,  but  the  still  living  larvae  had  not  emerged 
at  the  time  of  observation.  The  remaining  eggs  were  removed  to  tap 
water.    The  larvae  which  emerged  in  the  emulsion  all  died. 
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After  tra)isfcrcnce  fo    l\ip    ]]'afc7\ 

Next  day  6  egt;s    uncapped  : — 2   larvc\3  out,   making  feeble  movements. 

2       ,,  ■    n    »  dead. 

2  larvre  failed  to  get  free  of  shells. 
2nd  day   2   hatched: — i    dead,    1    li\ing. 

4th      „     5  ,,  4       ,,        I 

5^^^        55       4  n  ^  •'  vS  >) 

6th     „    4         ,,  All  dead. 

On  the  9th  day  the  unhatched  eggs  were  opened.  i  living  larva  was 
extracted  ;    all  the  other  eggs  contained  either  dead  larv;^  or  vrere  infertile. 

Conclusion. 

Submergence  in  petroleum-soft  soap  emulsion  (i  in  8,000)  is  not 
effective  in  killing  larv^  within  the  eggs,  though  it  is  possibly  the  cause 
of  some  mortality.  It  is,  however,  effective  in  that  it  induces  a  high 
percentage  of  the  less  resistant  eggs  to  hatch  at  once,  when  the  young 
larvae  are  killed. 
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XI. -EFFECT  OF  SALTWATER  (FROM    FREETOWN   HARBOUR)  ON 
THE  EGGS,   LARViE  AND   PUP.^  OF  STEGOMYIA   FASCIATA. 

In  their  conception  these  experiments  were  complementary  to 
tliose  performed  by  Macfie  (1913-14)  with  common  salt  ('*  A  Note  on 
the  action  of  Common  Salt  Water  on  the  Larvc'e  Steo'oniyia  fasciata^^ 
"  Bulletin  of  Entomological  Research,"  Vol.  IV.,  Pt.  4,  pages  339-344, 
by  Dr.  J.  W.  Scott  Macfie,  M.A.,  M.B.,  Ch.B.,  West  African 
Medical  Staff),  their  purpose  being  to  test  the  effect  of  salt  water 
on   the  eggs,  a  point   Dr.   Macfie  did   not  deal  with. 

Experiment  No.  LIV. 
EFFECT  ON  EGGS,   LARV.E  AND   PUP.4^:  CONTRASTED. 

Preliminary. — A  large  batch  of  several  hundred  eggs  laid  two  months 
previously  was  divided  ;  half  were  put  into  water  taken  from  the  harbour 
and  half  into  tap  water. 

A  number  of  active  larvoe  and  pupae  from  the  breeding  pans  were  also 
put  into  the  salt  water.     Temperature  80°  F. 

The  first  eggs  to  hatch  were  some  of  those  in  the  salt  water  (within 
15  minutes  of  immersion),  those  in  the  tap  water  commenced  a  few  minutes 
later.  None  of  the  larvae  which  hatched  from  the  eggs  placed  in  salt  w^ater 
survived  more  than  an  hour. 

After  16  hours. — All  the  active  larvc^  placed  in  the  salt  w^ater  were 
dead.  From  the  pupas  many  adults  had  emerged  and  were  living ;  the 
remaining  pupae  were  all  living  and  successfully  completed  their  development. 

Eggs. — Tw^o  or  three  hundred  had  hatched,  the  number  of  larvae  which 
had  emerged  being  larger  in  the  salt  than  in  the  tap  water.  In  the  salt 
water  all  were  dead,  in  the  tap  water  all  \\ere  living.  After  48  hours  a 
careful  examination  showed  that  of  the  eggs  placed  in  salt  water  all  had 
hatched  save  a  few,  which  subsequent  dissection  showed  contained  dead 
larvae. 

Of  the  portion  of  the  batch  of  eggs  placed  in  tap  water  many  w^ere 
unhatched.      Larvre  continued  to  hatch  from  the  eggs  at  intervals. 

Experiment  No.  L  V. 

TRIALS    WITH    EGGS   ONLY. 

Salt  water  from  the  harbour  was  filtered  and  170  cc.  placed  into 
each  of  two  beakers,  D  and  M, 
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Cojiiroh. — 170  cc.  of  tap  water  was  placed  in  each  of  two  beakers 
Dc.  and   ^fc. 

Eggs  dry  :  laid  on  filter  paper  a  month  previously  and  stored  dry.  The 
slip  of  paper  was  divided  and  one  portion  with  102  eggs  on  it  placed 
in   D.,  the  other,   with   106  eggs  on  it,  placed  in  Dc. 

Eggs  kept  moist  ;  laid  a  month  previously  and  stored  under  conditions 
which  kept  the  filter  paper  on  which  they  were  laid  moist. 

The  slip  of  paper  was  divided,  a  portion  with  107  eggs  on  it  was 
placed  in   M  and  the  other  with   95    on  it  was  placed  in  Mc. 

D.  102  ^rj'.— After  2  hours'  immersion    3    had    hatched;    larvae    dead. 

Microscopic  examination  showed  that  95  eggs  had  uncapped,  but  2  larvae 
died  without  emerging.  Of  the  7  remaining  eggs  2  collapsed  on  drying, 
5  retained  their  shape.  These  5  eggs  resisted  continued  immersion  in  tap 
water  for  20  days,  during  which  period  they  were  subjected  to  "cooling" 
on  five  occasions.  Dissection  showed  that  4  of  the  eggs  contained  fully 
developed  larvae,  2  of  which  were  living,  i  showed  no  movement  and  i 
showed  signs  of  decay. 

Total  hatched,  89  =  87  per  cent. 

Dc.  Tap  water  control. — 106  eggs  (a  portion  of  the  dry  batch  used  in  D). 
After    2  hours'  immersion  2,?)  had  hatched  and  were  living. 

5'  2^  J3  •)•)  ^  11  11  11  11  11 

Microscopic  examination  showed  that  34  eggs  had  uncapped.     Of  the  72 

remaining  eggs  2  had  collapsed  while    immersed  and    2    more   collapsed  on 
drying.     68  were  re-immersed  in  tap  water. 

.After   I   day    ...  ...  ...  ...  2  hatched. 

11     3  days i 

,,4       ,,      . . .  ...  ...  .  .  I  ,, 

,,     8       ,,      ...  ...  ...  ...  4         ,, 

„     9  11  II 

,',    10  ,,  18 

,,    II  ,,  ...  ...  ...  4  ,, 

,,   16  „  3 

18  2 

46 

50  j)er  cent,  of  salt  water  was  then  added  to  the  tap  water  in  the  pan. 
The  same  day   i    hatched  larva  lived. 
After     6     days   2  ,,         larvae     ,, 

11         '  *^        )  5  3  11  11  11 

All  the  remaining  eggs  were  dissected  and  5  living  larvae  were  extracted, 
the  remaining  i  1  eggs  contained  dead  larvjc  or  were  infertile,  'i'otal  hatched, 
81  jjcr  cent. 

M.  107  Moist. — After  2  hours'  immersion  .)9  had  hatched — all  dead. 

11   ^ "       11              11           f"     11          11  11 

.Microscopic  examination  showed  that  98  had  un(\appe(l  ;  3  larva'  had  died 

without  emerging.      5  eggs  had  collaj)sed  while;   in   the  water.  1  c()lla|)sed  on 
drying.      3  retained  tiieir  shape. 


1^)3 

These  4  ejj;g.s  were  then   immersed  in  tap  water. 

After   1    (lay    1    hatc^hed,  and  the  larva  lived. 
,,      9  days  I  ,,  ,,        ,,        ,,  „ 

Dissection  showed  Uiat  the  collapsed  egg  was  infertile.  Tolnl  hatched, 
98  =  92  per  cent. 

J/r.  Ta/>  water  Co7ifroL — 95  eggs  (a  portion  of  the  moist  batch  used  in  M). 
After  2  hours'  immersion   25  had  hatched  living. 
j>   22        ,,  ,,  -      ),  •)■)  If 

Microscopic  examination  showed  that  27  had  uncapped,  8  eggs  had 
collapsed  while  in  water,  2  collapsed  on  drying,  58  retained  their  shape  and 
were  re-immersed  in  tap  water. 

After  I  day 2  hatched  living. 

,,      8  days 


„      9 
„    16 

„    17 


5J  'J 


2 

5 

2 

14 


TOO  per  cent,  of  salt  water  was  then  added  to  the  tap  water  in  the  pan. 
The  same  day   i   hatched  and  died. 
After   II   days    i  ,,  „       ,, 

5)  I  2  ,,  I  I  ,,  ,,  ,, 

All  the  remaining  eggs  were  dissected  and  found  to  contain  dead  larv?e  or 
in  a  few  instances  were  infertile.     Total  hatched,  54  =  57  per  cent. 

All  the  eggs  were  cooled  on  the  7th,  8th,  9th,  15th  and  17th  days  after 
immersion. 


Experiment  No.  L  VI. 
TRIALS    WITH    SPECIALLY   RESISTANT    EGGS 

A  large  batch  of  eggs,  which  had  been  laid  on  filter  paper  and  stored  dry 
for  two  months,  was  immersed  in  tap  water  for  five  days.  During  this  period 
several  hundreds  hatched.  From  among  the  resistant  unhatched  eggs  two 
lots,  each  of  100  full  eggs,  were  picked  out  with  a  wet  camel  hair  brush  and 
placed  on  wet  filter  paper.  The  slips  of  filter  paper  were  allowed  to  dry  and 
the  collapsed  eggs  were  removed,  one  of  the  slips  was  caught  up  by  a 
draught  during  this  operation  and  a  number  of  eggs  were  lost. 

There  remained  65  full  eggs  on  the  one  paper  and  91  on  the  other. 

The  slip  with  91  eggs  on  it  was  submerged  in  salt  water,  S.  JJ'.  That  with 
65  eggs  on  it  was  placed  in  tap  water  as  a  control. 

S.  JF. — After  20  hours  33  had  hatched  and  died. 

Ta/>  Control. — After  20  hours  i  had  hatched  and  was  living. 

After  44  hours'  immersion  no  more  larvae  had  hatched.  The  slip  was 
removed  from  the  salt  water  and  placed  in  tap  water. 
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The  record  of  the  two  lots  is  as  under  : — 

Record  ok  thk  IOggs  after  Removal  from  Salt  Watkr 
ON  THE  4rH   April. 


Date  of  hatching. 

Lot. 

April. 

May. 

10 

* 
II 

12 

* 
18 

14 
1 

IS 
2 

16 
2 

* 

3 

19 
2 

* 
20 

3 

* 
23 

4 

* 

25 

28 
I 

30 
2 

4 

I 

I 

10 

I 

12 

s.w 

(In   tap  water  after  44 
hours'  immersion  in  salt 
water.) 

Tap  Water  Control 

6 

I 
6, 

31 

I 
I 

On  the  dates  marked  with  an  asterisk  the  pans  were  cooled  in  an  ice 
chest.  During  May  the  pans  were  placed  out  of  doors  at  night  ;  the  3rd 
and  9th  were  cool  nights. 

The  larvc-e  of  the  S.W.  lot  which  hatched  out  on  the  4th  and  loth  of 
May  died  after  emerging. 

On  the  r3th  May  the  remaining  unhatched  eggs  were  dissected.  9 
living  larvae  were  extracted  from  the  S.  JV.  lot  and  5  living  larvae  from  the 
control  lot.     The  remaining  eggs  contained  dead  larv^  or  were  infertile. 

SuMMARV  OF  Result. 

Of  91  full  resistant  eggs  t,;^  (  =  36  per  cent.)  hatched  in  response  to  20 
hours'  immersion  in  salt  water  (Harbour  water),  while  only  i  (  =  2  per  cent.) 
of  the  65  similar  control  eggs  placed  in  tap  water  hatched  during  the  same 
period. 

Subsequently,  of  the  balance  of  the  91  eggs,  on  reu'ioval  after  44  hours' 
immersion  in  salt  water  to  tap  water,  39  (  =  43  per  cent.),  hatched,  all  but 
two  of  the  larvae  living,  and  9  living  larvae  were  extracted  from  the  eggs 
39'days  after  their  removal  from  salt  water. 

Mortality,  10  =  11  percent. 

Of  the  control  eggs,  i  only  had  hatched  during  the  first  44  hours' 
immersion.  Subse(|uently,  58  ( =  89  per  cent.),  hatched  over  a  period  of 
39  days  mainly  in  response  to  cooling,  and  5  living  larvae  were  extracted 
from  the  egg. 

Mortality,    i      -    j    per  cent. 


The  effectiveness  of  salt  water  as  compared  with  fresh  in  causing 
eggs  to  hatch  and  killing  the  yoinig  larva-  is  clearly  demonstrated 
by  these  experiments. 

1  he  last  expcriincnl,  dealiiiL;  with  resistant  eggs,  greatly  modifies, 
however,  one's  views  as  to  the   practical   usefulness  of  salt  water  as 
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an  insccLicide  for  the  destruction  of  e^gs.  P\)r  it  is  evident  that 
tlioiigh  it  causes  the  inime(Hatc  liatchini;"  and  destruction  of  recently 
laid  egi;'s,  a  considerable  j)n)[)(jrtion  of  resistant  e^^^s  that  have 
been  dry  for  a  lon^j  time  are  not  affected  within  a  i)eriod  of  44 
hours,  and  that  the  larvae  contained   in  such  ei^^s  are  not   killed. 

For  coast  towns,  however,  salt  water,  if  the  expense  of 
pumpini;'  were  not  too  heavy,  mi<^ht  serve  as  a  very  valuable  flushing 
agent  for  gutters,  sewers  and  cess  pits  after  clearing.  It  would,  I 
am  informed,  probably  kill  any  Ankylosiome  eggs  with  which  it  came 
in  contact,  and  if  used  for  flushing  drainage  ditches  in  streets  and 
watering  roads,  would,  in  addition  to  its  services  in  reducing  the 
numbers  of  mosc|uito  and  Ankylostonie  eggs  effectually  prevent  the 
growth  of  weeds  on  road  side  spaces.  In  Freetown  the  clearing 
and  weeding  such  spaces  must  be  a  considerable  annual  cost. 

In  the  event  of  the  use  of  salt  water  for  such  purposes,  it  should 
be  applied  lavishly,  in  the  light  of  the  foregoing  experiments,  at 
the  close  of  the  rains  if  its  full  effectiveness  for  the  destruction  of 
Stegomyia  eggs  is  to  be  obtained,  because  a  large  proportion  of 
the  eggs  laid  in  gutters  and  pools,  in  culverts,  etc.,  will  not  attain 
their  full  powers  of  resistance  (resting  capabilities)  until  the  establish- 
ment of  the  dry  season  has  caused  the  evaporation  of  water  in 
moist  places  and  dried  the  eggs. 


Experivient  No.  L  VII. 

TRIAL  TO  ASCERTAIN  IF  THE  STIMULUS  TO  HATCH 
EXERTED  BY  SALT  WATER  ON  THE  EGGS  OF 
STEGOMYIA  FASCIATA  IS  DUE  TO  FLS  SPECIFIC 
GRAVITY      OR      SOME      OTHER     CAUSE. 

In  the  absence  of  other  means  the  specific  gravity  of  filtered  sea  water 
from  the  Harbour  was  tested  with  a  urinometer  and  found  to  be  25°.  Loaf 
sugar  was  then  added  to  tap  water  until  the  solution  showed  the  same  specific 
gravity. 

200  cc.  of  the  salt  water,  200  cc.  of  the  sugar  solution,  and  200  cc.  of 
the  tap  water  were  placed  in  respective  beakers  referred  to  as  "  Salt," 
"  Sugar  "  and  "  Tap  "  in  the  following  record. 

Two  batches  of  eggs  were  used:  (i)  laid  on  filter  paper  and  stored  dry 
for  3  months;  (2)  eggs  that  had  been  laid  on  filter  paper  about  3  weeks  and 
had  been  kept  dry  for  10  days.  A  portion  of  both  batches  of  eggs  was 
placed  in  each  of  the  three  beakers.  The  temperature  of  the  fluids  just 
prior  to  the  immersion  of  the  eggs  was  85"  F. 
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The  number  of  eggs  put  into  the  beakers  was 

"  Salt,''  20  recent.  ''  Sugar,"   28  recent. 

291   old.  322   old. 


"  Tap,"   20  recent. 
324  old. 


,11 


350 


Result. 


344 


Lot. 

Number  of  days 
hat  chin 

after  immersion  that 
g  occurred. 

Result  of  dissection  of  unhatched  eggs 
after  24  days'  immersion. 

I      2 

1 

3 

4 

5 

6 

10 

12    16 

18 

22 

"  Salt," 

Living 
Dead 

155 

19 

65 

... 
9 

I 

... 

... 
... 

... 

I 

... 

All     the     larviv    in    unhatched     eggs 
were  dead. 

Total    ... 

15s 

19 

65 

9 

I 

...1... 

I 

... 

250  out  of  311.     Mortality  in  egg  stage, 

19  per  cent. 

'*  Sugar." 

Living 
Dead 

16 
8 

52 
2 

184 

17 
I 

I 
2 

... 

I 

All     the     larvcV     in    unhatched     eggs 
were  dead. 

Total    ... 

24 

54 

184 

18 

3 

I 

... 

284  out  of  350.     Mortality  in  egg  stage, 

19  per  cent. 

"  Tap." 

Living      ... 
Dead 

i3« 
6 

2 
2 

18 

2 

18 

4 

6 

I 

I 

3 

25 

From  unhatched  eggs  — 

Recent,     2  living  larvie  extracted. 
Old,        33     „ 

Total    ... 

144 

4 

18 

2 

18 

4 

6 

I 

I 

3 

25 

266  hatched. 
35  extracted. 

301  out  of  344.     Mortality  in  egg  stage, 
12  per  cent. 

All  the  pans  containing  the  eggs  were  cooled  in  the  ice  chest  on  the  5th, 
6th,  loth,  i6th  and  22nd  days. 

This  result  suggests  that  the  efficacy  of  salt  water  in  inducing  the  eggs  to 
hatch  sooner  than  they  would  in  fresh  water  is  not  merely  a  (question  of 
specific  gravity;  if  reference  be  made  to  the  tests  of  the  effect  of  petroleum-soft 
soap  emulsion.  Experiment  No.  LIII.  i  in  8,000  dilution,  on  the  eggs  of 
.v.  fasciata  (page  159),  we  find  much  the  same  phenomena  occurring.  It 
seems  probable  that  the  action  is  likely  to  be  related  to  the  penetrating 
]>roperties  of  the  fluids  used,  possibly  the  ease  of  absorj)tion  by  the  (colloid) 
substance  of  which  the  bosses  are  formed  is  the  crucial  factor. 

Immersion  in  the  salt  and  sugar  solution  seems  to  have  been  responsible 
for  an  increase  of  mortality  to  the  eggs,  apart  from  that  to  the  lar\-aj  after 
hatching,  of  from  12  j^er  cenL  to  19  per  cent,  -the  numbers  involved  being 
too  large  to  admit  of  the  explanation  of  the  7  per  cent,  increase  in  both  cases 
bein<i  due  t(j  chance. 
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XIL-NOTE     RESPECTING     THE    SIZE    OF    MESH     FOR     NETTING 
REQUIRED     FOR    USE    AGAINST    STEGOMYIA     FASCIATA. 

The  wire  gau/.e  used  for  the  mosquito  house  had  a  mesh  of 
i6  X  i6  to  the  inch;  for  the  cages  12  x  12  to  the  inch  mesh  was 
used  ;  and  for  the  tubes,  used  to  test  the  length  of  Hfe  of  the  adults, 
the  mesh  was  14  x  14  to  the  inch.  A  supply  of  large  and  small 
mesh  cotton  netting  was  also  required  to  be  used  for  repairs,  covers 
to  breeding  pans,  temporary  cages,  sleeves,  etc.  No  definite  size 
of  mesh  had  been  specified.  Of  the  two  sizes  received  one  had  a 
mesh  of  10  X   13  to  the  inch,  and  the  other   11    x    1 5   to  the  inch. 

During  the  progress  of  the  research  it  was  found  that  a  few 
well -grown  (medium  to  large-sized)  specimens  of  S\  fasciata  and 
also  a  number  of  J?,  sugcns  escaped  from  large  cages,  where  they 
were  well  fed,  through  the  12  x  12  inch  mesh.  From  the  tubes, 
where  they  were  crowded,  and,  presumably,  more  anxious  to  escape, 
large  sized  specimens,  which  had  only  recently  emerged,  got  out  in 
considerable  numbers  through  14  x  14  to  the  inch  mesh.  In  order 
to  carry  out  the  tests  for  which  these  tubes  had  been  specially 
constructed,  it  was  found  necessary  to  remake  them  with  18  X  18 
to  the  inch  mesh. 

Vv'^ith  cotton  netting  it  was  found  that  the  mosquitoes,  bred  in 
pans  covered  with  that  having  the  smaller  sized  mesh  of  1 1  x  15 
to  the  inch,  easil}-  got  out,  presumably  shortly  after  emergence, 
before  their  wings  and  limbs  were  fully  dry  ;  while  wild  specimens 
gained  entrance  through  the  coarser  netting,  having  10  x  13  mesh 
to  the  inch,  and  oviposited  in  some  of  the  experimental  pans. 

No  instances  of  escape  from  the  mosquito  house  through  the 
16  x  16  to  the  inch  mesh  were  discovered,  and,  as  the  mosquitoes  in 
it  were  reared  from  larvae  that  had  ample  food  supplies  and 
consequently  were  large  sized  specimens,  it  is  probable  that  few,  if 
any,  escaped.  Even  for  small  specimens  escape  would  have  been 
difficult,  owing  to  the  fact  that  large  numbers  of  spiders,  both  within 
and  without,  spun  webs  and  trailed  their  threads  over  the  wire  gauze, 
so  that,  had  this  been  of  an  even  larger  mesh,  it  would  soon  have 
been  rendered  mosquito-tight. 
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In  view  of  tlic  fact  tliat,  under  starxed  conditions,  specimens  of 
vS.  f(i:sci(it(7  are  reared  of  little  more  than  half  the  size  of  the  normal 
insects,  the  advice  of  the  authorities  concerned  with  the  mosquito 
work  in  the  Panama  Canal  zone*  that  a  mesh  not  larger  than 
i8  X  iS  to  the  inch  should  be  used  in  relation  to  Yellow  Fever 
screening,  is  fulh-  justified  and  cannot  be  too  strongly  urged  upon  our 
own  authorities. 

It  ma\'  be  of  interest  to  record  that  I  was  unable  to  get  from  any 
of  the  stores  in  Freetown  or  from  the  Public  Works  Department,  a 
supph'  of  netting  of  less  than  12  x  16  to  the  inch,  though  I  was 
informed  by  one  of  the  stores  that  complete  made-up  nets  could  be 
supplied  in  the  smaller  mesh.f  Subsequently,  the  Hospital  authorities 
found  some  spare  20  X  20  to  the  inch  netting  which  they  had  in 
store. 

If  b\'  any  means  traders  could  be  induced  to  stock  nothing  of 
of  coarser  mesh  than  18  x  18  to  the  inch,  it  would  be  to  the 
general  welfare  of  the  inhabitants  in  situations  where  any  danger 
of  Yellow  Fever  epidemics  exists.  The  supplying  of  larger  mesh 
netting,  even  for  the  purpose  of  repairs,  is  to  be  deprecated. 


*  See  "Monograph  of  the  Mosquitoes  of  N.  America,  etc.,"  published  by  the  Carnegie 
Institute,  Vol.  I.,  pages  363  and  364. 

t  Many  of  the  nets  I  saw  in  actual  use,  including  those  at  the  Government  rest 
house,  were,  however,  of  larger  mesh. 
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XIII.     APPARATUS    AND    METHODS    EMPLOYED. 

Mosquito   I  louse.      lUatc  21,  pn^c  96. 

This  was  desi^^ned  by  myself  at  the  suggestion  of  Lt.-Col.  Sir 
Ronald  Ross.  The  woodwork  was  of  unpainted  teak,  the  stiffening 
framework  of  galvanized  iron,  and  the  wire  gauze  for  the  panels  of 
phosphor-bronze.  After  eleven  months'  exposure  to  the  weather  at 
Freetown  it  was  in  perfect  condition  {see  Figs.  21  and  22,  p[)  170 
and    171). 


Cages. 


Plate   Ao.   20. 
A  Mosquito  Cage. 


The  floor  boards  were  of  teak  with  stiffening  battens  of  galvanized 
iron,  into  which  the  legs  screwed.  The  upper  framework  was  of 
"  flat  oiled  "  pine.  In  the  case  of  the  cages  intended  for  "  infected  " 
mosquitoes,  the  panels  were  of  phosphor-bronze  wire  gauze.  It  was 
found  convenient  to  cover  this    with   thin  cotton  on  the  inner  side. 
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J/etAccL  of  atieuJunq  Ceucec    &  J'ravncM^r-h. 
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-  '  ' 

^ 

/^'./Hf'^/if    i 

0 
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J 
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Comer  /f   hns/tc/  orer  t>rT  /b/o 


— Pla-n     orv   ^jo 

Fig.  22.     Plan  of  Mosquito  House. 
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For  "  uninfected  "  mosquitoes  onl\-  the  front  panel,  supporting  the 
sleeve,  was  of  wire  gauze,  the  top  and  remaining  sides  being 
covered  with  cotton  onh'.  These  cages,  built  to  my  own.  design, 
proved  to  be   verx-    serviceable    and    useful,    and    both    in    size    and 


Front     E  /ct^c^^/On  — 


—  S/c/e    S/cj^aY-zor^ 


rX 


0*  Brass    screyvj 


J^ 


—  FLAN- 


^^ 


3  Ca^es  /'o  de-  coverec/. 
J  Cac/es    . 


0  ; 


u/-?coverec/  \ 


Frames    of  /zr  /j- P/nq,  /^orhcecf,  bof^om  cd{fes  <^rooyec/ 
to  fif  on  feaJf  bo^fom. 

Bof^fom  of  /z  fhicH  Teak.    f?ebaf-ed  /o  f-gM-g  j/'e/&s  <f  anc/s. 
ffrass  scre^vs  /t>  be  ~supp//6c/  for  fif/^mg   tozfe/her. 
F/lospZ>or   Bronze-    ivire.  oac/ze.   caver/nt^   /Bu/&  mes/^.  wire, 
of  26  S  JVC  ,^au2  e  fo  b&  fxed  /-o  inner  S/cfe   of  framoj 
by  narrov^  ^cy//<g/7J   Or  mef'o/  bead  <^  Jcrewecf  jyawn 
AZas^s,   ey/efj  ^  pai//acAs    w/fh  3  /reys  ecrc/i^    /»  be  ///'/^«y' 
bacA  <f   fron/-  of  //;g   3  Coi'ered   co<^es  on/y. 
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construction  are  suitable  for  ;i  wide  range  of  insect  breeding. 
They  can  be  taken  down  in  a  few  minutes,  and  when  packed  flat 
take  \\\)  a  minimum  of  room,  so  that  they  can  be  easily  trans[)()rted. 

J^ens. 

These  were  of   phosphor-hion/e   wire  gauze,   su[)porled  on  a  light 
galvam'zcd   iioii   frame.       Tlieir  use  was   to  co\er   stored   eggs,   pans 
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of  water  containing-  ]arva%  or    tubes    containinp^  adults  when   it   was 
desired  to  leave  these  exposed  in  the  ()i)en  air  f.svv  h'jf^.  24,  |)aL;e  174). 
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Plate  No.   27. 

Mosquito  Pen  and  wire  gauze  tube  for  testing  length  of  life  of  adults  in  various 
situations.     Note  method  of  suspension  so  as  to  isolate  from  ants. 

Wire  Gauze   Tubes. 

These  were  of  wire  gauze  opening  at  either  end  [see  Fig.  25, 
page  174)  ;  they  were  used  to  intern  adult  mosquitoes  to  test  their 
length  of  life,  and  were  also  used  to  protect  stored  eggs  from 
disturbance  by  small  animals  and  the  larger  insects  [see  Plates  Nos. 
27  and  28). 

Hurricane  Lamp  Chimneys. 

These  can  be  converted  into  useful  little  cages  by  covering  the 
upper  opening  with  fine  gauze  and  putting  the  open  end  down  on 
a  pad  of  filter  paper  placed  in  a  tin  lid  {see  Plate  No.  28,  page  175). 

Methods. 

To  obtain  eggs. — The  method  mentioned  by  Christophers  and 
Stephens  (1908)  of  confining  females  in  inverted  screw-topped  jars  was 
found  to  answer  well  for  single  individuals.  With  Stegomyia  fasciata 
and   .S\   sugens,  flooded  blotting   paper   in  the   cover   is   sufficient   to 
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induce  oviposition,  but  unless  the  rim  of  tlie  j.'ir  fits  (|uitc  accurately 
minute  house  ants,  beloiiLiini;"  to  the  L;rou|)  lA'ptolliorax^  may  i^ain 
entrance^  and  kill  the  mosquitoes.  if  an  accurate  record  of  the 
number  of  eggs  deposited  is  desired,  care  must  be  takcMi  to  search 
the  rim  of  the  jar  just  abo\e  its  point  of  contact  with  the  blc>tting 
paper,  as  eggs  are    frequently  deposited  or  siranded  in  this  position. 


Plate  No.    28. 

Small  Cage  made  from  a  hurricane  lamp  chimney,  also  method  of  arranging' 
wire  gauze  tube  over  jar  containing  pup^e  in  order  to  avoid  waste  of  time 
in  transferring  adults. 


For  Stegoiuyia  simpsoni  and  ^.  luteocephala  some  larger  and  more 
elaborate  arrangement  of  a  small  pool  was  generally  needed  before 
the  females  could  be  induced  to  lay,  and  the  latter  species  seems 
to  greatly  prefer  ovipositing  on  or  in  close  proximity  to  a  surface 
of  wet  wood. 
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When  egors  are  required  in  numbers  it  is  best  to  keep  a  number  of 
mosquitoes  of  both  sexes  in  a  lar^e  cage.  A  conxcnicnt  nietliod 
of  collecting  the  eggs  of  Stegouivia  under  these  circumstances  is  to 
place  a  pan  of  water  in  the  cage  with  slips  of  filter  or  blotting  paper 
arranged  so  that  one  end  dips  into  the  water  and  the  other  is  turned 
back  over  the  edge  of  the  pan  ;  by  adopting  this  method  the  eggs 
can  easil\-  be  removed  and  counted  without  disturbing  them.  The 
water  in  the  j^ans  should  be  allowed  to  slowly  evaporate,  so  that  the 
eggs  are  left  above  water  level,  and  do  not  hatch  as  would  be  the 
case  if  the  pans  were  re-filled.  If  eggs  laid  on  a  wooden  surface 
are  required,  the  sides  of  a  willow  chip  box  answer  excellently, 
as  the  wood  is  absorbent  and  of  light  colour,  and  its  curvature  is 
retained  sufiFicientI}'  to  allow  of  its  standing  upright  upon  its  edge 
in   a  shallow   pan   of  water. 


Vu'..  26. 


Hatching-. — To  test  the  hatching  cap;;cit\-  of  eggs  laid    b\-  separate 
females    or    different    batches    of   eggs    laid    b)-    a    single    individual 
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requires  dail)'  observations,  wliicli  ma)' liavc  to  be  continued  Un'  weeks 
tof^ether,  and  necessarily  consume  a  ^reat  deal  of  time.  I  f  it  is  desired 
to  submit  the  cl^l^s  to  identical  conditions  tin-  (lifferent  hatches  will 
have  to  be  kept  sei^arated  from  each  other  in  the  sa/z/e  [jan  of  water. 
Two  methods  of  fulfilling-  these  conditions  were  employed.  In  the 
first  the  eggs  were  carefully  submerged  in  small  glass  sporulating 
dishes,  which  were  in  their  turn  placed  at  the  bottom  of  a  large  pan 
of  water.  It  was  found  necessary  to  check  the  number  of  larv.x 
captured  in  the  pan  each  day  against  the  number  of  empty  c^^ 
shells,  and  to  do  this  the  sporulating  dishes  had  to  be  taken  out 
of  the  pan  for  examination  under  a  low-power  microscope  and 
replaced. 


P/a/e  No.  29. 

Floating  , Docks.      Method  of  testing  the  hatching  of  different  batches    of  eggs 

under  identical  conditions. 


Objections  to  this  method  were  (i)  that  the  eggs  had  to  be 
completely  submerged,  and  it  has  been  stated,  by  Goeldi  (see 
Carnegie  Monograph,  "  Mosquitoes  of  North  America,"  page  282),  that 
continued  submergence  kills  the  eggs.  Death  rate  from  this  cause 
is  not  by  any  means  obvious  in  some  of  the  experiments,  but 
where  a7iy  mortality  at  all  has  occurred,  it  is  impossible  to  prove 
a  negative.  (2)  Great  care  had  to  be  taken  in  removing  and 
N 
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returniny,-  the  small  dishes  to  the  large  pan,  in  order  to  avoid 
scattering  the  eggs  and  mixing  them.  (3)  The  gradual  accumulation 
of  dirt  and  organic  growth  tended  to  obscure  a  free  view  of  the 
eggs  after  two  or  three  weeks'   immersion. 

An  alternate  method  \\as  devised  of  keeping  the  eggs  in  small 
floating  docks  (.sv^  Plate  No.  29,  page  177)  \\ith  a  fine  gauze  bottom 
made  as  follows.  The  top  is  taken  out  of  the  lid  of  a  willow  chip  box, 
and  the  hoop  is  used  to  stretch  a  piece  of  motor  veil  (silk  if  possible) 
o\er  the  top  of  the  box.  Thread  is  wound  round  to  prevent  the 
box  from  coming  to  pieces  when  the  w^ater  melts  the  glue  with  which 
it  is  fastened  toi^ether.  The  bottom  of  the  box  is  removed  bv 
soaking  it  in  water,  and  three  cork  floats  are  pinned  on  to  the  sides 
at  the  lex'el   at  which  the  dock   is   required  to  float. 


ColtonXKreads . 


chip  B 
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Fig.  27. 


'■Lid  oF  Box 
Cork  Floa-t 
Plan  and  Ei.kvation  or  Floating  Docks. 


]iy  adopting  this  plan  examination  is  facilitated,  the  necessity  of 
submerging  the  eggs  is  avoided,  and  a  great  saving  of  time  is 
effected,  as  the  sinking  (jf  floating  eggs  is  a  tedious  process.  Its 
defects  are  that  with  long  continued  use  the  gauze  rots  and  the  wood 
and  cork  become  water-logged  and  lose  their  bouyancy.  The  saving 
of  time  is  so  great,  however,  that  the  [)lan  is  strongly  to  be  recom- 
menderl  in  all  cases  where  it  is  not  necessary  to  carry  the  hatching 
test  to  its  ultimate  conclusion  of  waiting  until  every  single  ci:i;i;  has 
had  a  complete  chance  of  hatching.  In  most  cases  it  is  practical  to 
close  the  experiment  at  a  definite  date  and  open  the  remaining  eggs 
t(j  see  if  they  are  dead   or  contain   living   larva-. 
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Methods  ivitJi  larvcc. — For  sorting  out  and  transfcrrin^^r  newly 
hatched  larv;e  a  pipette  with  a  rubber  teat  affords  an  obvious  and 
speed)'  metliod.  It  may  also  be  used  for  larger  larva:  and  pupie, 
but  care  must  be  taken  with  the  latter  that  the  aperture  is 
sufficiently  large,  otherwise  they  are  easily  injured. 

When  counting  or  catching  newly  hatched  larv;e  in  a  glass  dish, 
the  use  of  a  black  card  or  paper  placed  beneath  it  is  helpful  and,  if 
the  dish  is  supported  above  instead  of  resting  on  the  black 
surface  it  renders  observation  still  easier.  With  older  larv;e,  that 
have  fed,  a  pale  background  is  just  as  effective,  owing  to  the  dark 
colouration  of  the  contents  of  the  alimentary  canal. 

LarvcX  and,  to  a  less  marked  extent,  pupa^  of  Stegoinyia  always 
avoid  light ;  advantage  may  be  taken  of  this  when  they  are  in  a  glass 
receptacle  to  make  them  collect  in  a  corner  or  to  one  side  for  the 
purpose  of  rapid  capture. 

Breeding  pans  should  not  be  placed  in  the  sun  or  a  strong  light, 
otherwise  they  develop  a  growth  of  green  algai  which  appears  to  be 
detrimental,  possibly  by  way  of  competition,  to  the  development  of 
the  insects.* 

If  it  is  desired  to  breed  Stegoinyia  fasciata  free  of  gregarine 
parasites  care  must  be  taken  to  collect  the  eggs  with  a  camelhair 
brush  as  soon  after  laying  as  possible  and  transfer  them  to  clean  filter 
paper.  It  is  probable,  if  the  sporocysts  are  voided  by  the  females  as 
suggested  by  Ross,  that  the  young  larvae  may  ingest  them  at  their 
first  meal  immediately  after  hatching. 

Breeding  pans  in  large  cages  containing  a  number  of  insects, 
especially  when  their  numbers  are  recruited  from  several  sources,  are 
almost  certain  to  become  infected  in  a  short  time,  and  will  remain 
permanenth^  infected  unless  frequently  cleaned. 

For  rearing  the  larvae  almost  any  sort  of  organic  matter  put  into 
the  breeding  pans  will  serve,  though  care  should  be  taken  to  thoroughly 
adjust  the  quantity  to  the  size  of  the  pan  and  numbers  of  the  larvae. 
Any  sort  of  grain,  dead  insects,  faeces  of  animals,  fallen  leaves, 
or  other  vegetable  refuse,  blood  clots,  etc.,  have  all  given  good  results. 

Methods  with  adidts. — To  obtain  a  prompt  supply  of  adults,  dark 
coloured  pupae  should  be  selected  for  preference,  as  the  darkening 
signifies  that  the  adult  is  nearly  ready  to  emerge.  To  avoid  waste 
of  time  in  catching  and  boxing  or  caging  mosquitoes  for  experiment, 
it  pays  to  capture  and  segregate  pupae  in  jars  of  such  size  that  an  easy 

*  Experiments  now  in  progress  suggest  another  possibility,  i.e.^  that  strong  light  or 
sunshine  checks  the  growtli  of  bacteria. 
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junction  between  the  box  or  small  cage  and  the  rim  of  the  jar 
with  a  slip  of  paper  is  possible  {.sre  Plate  No.  28,  page  175).  One  of 
the  advantages  obtained,  apart  from  the  saving  of  time,  is  that  the  age 
of  the  specimens  is  acciiratch'  known  to  within  a  few  hours. 

For  infection  experiments  the  clipping  of  one  or  both  the  wings  is 
a  reasonable  precaution.  To  do  this  it  is  necessary  to  use  chloroform 
ether  or  some  other  vapour  to  stupify  the  insects.  Under  cool 
conditions,  temperature  up  to  65^  F.,  ether  causes  a  lower  death  rate 
than  chloroform,  but  with  a  temperature  of  80°  F.  chloroform  answers 
best.  After  the  operation  it  is  well  to  place  the  insects  in  a  warm 
incubator  up  to  blood  heat,  or,  failing  this,  in  a  strong  draught,  as  this 
expedites  their  recovery  and  lowers  the  mortality  resulting  from  the 
use  of  the  vapour. 

In  dissecting  infected  mosquitoes  which  prove  refractory  to  the 
usual  methods  of  manipulation,  a  dissecting  needle  ground  to  a 
triangular  section  may  be  run  up  between  the  body  wall  and  the 
internal  organs  from  anus  to  head.  Another  needle  is  then  drawn 
along  one  of  the  sharpened  angles,  thus  slitting  the  insect 
longitudinally.  With  a  little  practice  the  gut  and  stomach  of  insects, 
which  have  recently  gorged  themselves  with  blood,  may  be  extracted 
without  rupture  in  this  way.  The  method  is  also  applicable  and  very 
useful  when  making  dissections  of  any  small  grub  like  insect  larvae — 
one  of  its  advantages  being  that  the  skin  can  be  spread  out  flat  and 
mounted  independently  so  that  its  external  surface  with  spines,  setae, 
tubercles  and  spiracular  openings  can  be  examined  with  care. 
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XIV.— SUMMARY. 

MOSQUITOES  AT  FREETOWN. 

/. — Introductory  Notes. 

Judij^ed  by  sight  or  feeling  mosquitoes  are  scarce  in  Freetown, 
and  though  a  round  with  one  of  the  Inspectors  of  the  Sanitary 
Department  may  correct  this  view  in  so  far  as  the  larval  stage  is 
concerned,  the  increase  in  numbers  of  both  larvae  and  their  breeding 
places  outside  the  town  area  afforts  eloquent  testimony  to  the 
efficiency  of  the  Sanitary  Administration. 

Within  the  central  area  the  larvae  of  Stegomyia  fascmta  take 
precedence,  followed  by  those  of  Culicioinyia  }iebiilosa^  which  species 
appears  a  spasmodic  breeder  in  comparison  with  the  persistency  of 
S.  fasciata.  Culex  deceits  is  also  not  uncommon.  vS\  simpsoni  breeds 
in  water  in  the  axils  of  the  leaves  of  plants  growing  within  the  town, 
as  do  also  Uranotcenia  ornatus  and  Eretmopodites  draccence. 
S.  luteocephala^  Ochlerotatus  apicoannulatus^  0.  inhiutus^  O .  leiicarthrius , 
Eretmopodites  qiiinquevittatus  and  Ctdex  nigripes  are  also  occasional 
breeders  within  the  town  area.  Of  the  species  of  Anopheles,  a  few 
larvae  of  {Pyretophoriis)  costalis  only  were  taken  in  the  tow^n,  but  in 
the  surrounding  district  this  species  breeds  freely,  being  frequently 
present  in  rock  pools  with  swarms  of  6*.  sngens.  The  breeding 
places  of  {Myzojnyid)  funestns  are  extensive  areas  of  shallow 
trickling    swamps    lying   east  and  west  of  the  town. 

//. — Bionomics  of  Stegomyia  fasciata. 

(A.)  Eggs. 

(rt.)  Shape  and  structure. — The  dark  spindle-shaped  eggs  of  5. 
fasciata  vary  considerably  in  shape  and  size,  affording  specimens 
which  approximate  closely  in  general  appearance  to  those  of  the 
allied  5.  sugens,  S.  Inieocephala  and  ^.  simpsoni^  all  of  w^hich  differ 
appreciably  among  themselves. 

The  bosses  with  which  the  eggs  are  studded  are  not  mere 
structural  excrescences  of  the  shell,  but  are  pockets  containing 
small  masses  of  a  substance  which,  unlike  chitin,  is  readil}-  stained 
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b\'  liitmatoxxlin  ;  tlicsc  bosses  are  pussibl)'  connected  with  the 
abiHt}'  which  the  egj^s  seem  to  possess  of  re[)lacing  moisture  lost 
through  desiccation. 

{/k)  Laying. — If  actualh*  laid  on  the  water  surface  they  are 
usually  deposited  so  close  to  the  margin  as  to  become  stranded  by 
capillary  action  on  the  sides  of  the  pools,  or  on  partially  sub- 
merged objects,  such  as  dead  leaves,  lying  in  it.  In  man}'  instances 
eggs  were  laid  on  wet  surfaces  quite  be}'ond  the  limit  of  capillary 
action. 

(<:'.)  Hatchhig  and  the  coiuiitious  ivJiicli  coiiti'oi  it.  Experiments 
I.  to  XVIII. — Incubation  seems  to  invariably  follow  laying  within 
30  to  40  hours,  at  the  Freetown  temperature,  but  the  hatching  of 
an}-  given  batch  may  be  distributed  over  a  lengthy  period. 
Apparently  the  eggs  are  endowed  with  a  complex  constitution, 
which  allows  of  the  whole  of  a  batch  hatching  together,  so  soon 
as  they  are  placed  in  water,  or  of  a  scattered  emergence  of  the 
larvai  consistent  with  the  view  that  some  internal  machinery  which 
produces  zonal  or  sectional  hatching  has  been  called  into  action. 
Experiment  No.  XVII 1.  suggests  that  the  latency  or  activity  of 
this  machiner}'  is  determined  by  the  conditions  of  humidit}^  or 
drought  which  prevail  after  incubation.  When  a  batch  of  dried 
eggs  is  placed  in  water  a  certain  proportion  generally  hatch 
within  a  few  minutes  or  hours,  but  others,  apparently  belonging 
to  the  same  hatching  zone,  may  resist  the  first  or  second  immersion, 
}'ielding  to  some  subsequent  one.  Similar  powers  of  resistance  will 
probably  be  shown  by  a  proportion  of  the  eggs  in  each  hatching- 
zone  of  a  gi\cn  batch. 

x'^fter  a  series  of  experiments,  Nos.  IV.  to  XIII.,  in  which 
various  possible  factors  were  tested,  evidence  was  obtained  that 
cooling  to  the  extent  of  some  5  or  10"  i^\  acted  as  a  stimulus  to 
induce  the  hatching  of  eggs  that  would  otherwise  have  deferred 
doing  so  (ICxperiments  Nos.  XIV.  to  XVI.j.  A  response  to  cooling 
itccords  well  with  the  needs  of  the  species,  as  a  distributed  emergence 
of  larvae  so  arranged  allows  cjf  full  advantage  being  taken  of  the 
increased  facih'ties  afforded  for  breeding  in  small  and  rapid)}'  (lr}ing 
p(;ols   with   the  advent  of  rain. 

Jixperin/ejit  .\'o.  X/X. — Agitation  of  the  water,  mentioned  b}- 
Mitchell*  as  a  factor  in  tlic  hatching  of  eggs,  failed  to  gi\'e  an}' 
decisive  result. 

♦  "  M(js(|iiilii  Life,"  pagr   20. 
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l^acterial  action  would  appear  also  to  he  an  important  factor  in 
hatching"  and  in  some  instances  to  be  essential  (.svv  fo(jtnote  on  jja^e  51 ). 

{(/.)  Period  of  vinbilily .  lixpci-iuiciit  No.  XX. — The  period  during 
which  the  e^"<4s  retain  their  viability  would  seem  to  be  to  some 
extent  conditioned  b\'  temperature,  lunniditx'  and  ventilation,  but, 
owing  to  the  destruction  f)f  stored  e^i^i;s  by  book-lice  (Psoddce) 
(Experiment  No.  XXII.),  no  adequate  statistical  evidence  on  this 
point  was  obtained.  The  loni;est  period  of  viability  was  262  days  ; 
in  another  test  large  numbers  hatched  after  200  days'  dry  storage. 
When  kept  continually  immersed  some  eggs  did  not  hatch  for  periods 
of  from  two  to  five  months.  (Experiments  Nos.  V.,  VI.  and  VII. 
show  examples). 

(^.)  Tciiiperaturcs  zvJiich  tJic  cg'gs  arc  able  to  survive.  Experiment 
No.  XXI. — Eggs  brought  back  from  Freetown  and  those  laid  in 
England  hatched  after  exposure  to  28°  F.  and  30'  F.  for  24  hours, 
but  none  hatched  after  an  exposure  of  25  days.  24  to  28  hours  at 
96''  F.  did  not  greatly,  if  at  all,  affect  the  percentage  hatching  at 
Freetown.  In  the  experiment  carried  out  at  the  Lister  Institute  there 
was  a  marked  difference  in  the  hatching  percentage  of  Freetown  eggs 
and  those  laid  in  London  after  exposure  to  96^  F.  A  few  hatched 
after  24  hours'  exposure  to  102^  F.,  but  all  the  eggs  of  a  batch  placed 
at  108°  F.  for  24  hours  failed. 

(/)  Enemies  of  eggs.  Experiment  No.  XXII. — The  only  active 
enemy  discovered  was  a  species  of  book-lice  [Psocidce)  which  wrought 
immense  havoc  among  the  stocks  of  stored  eggs.  Ants,  considering 
the  untiring  activity  of  their  search  for  the  smallest  particle  of  food, 
seemed  strangely  indifferent  to  the  eggs. 

{B)  Larv.i:  and  V\5vm. 

The  larval  period  is  conditioned  by  temperature  and  food,  breeding 
tests  dealing  w^th  the  latter  factor  only  were  practicable  at  Freetown, 
although  some  trials  concerning  the  survival  limits  in  regard  to 
temperature  were  carried  out. 

[a.)  Experiments  Nos.  XXIII.  to  XXV,— A  very  wide  range 
of  organic  matter  will  serve  as  food  for  the  larvae  of  5.  fasciata, 
and  the  water  may  be  so  heavily  charged  as  to  become  foul  and  thick, 
without  harming  the  larvae,  so  long  as  it  remains  free  of  scum, 
floating  oil  or  fat. 
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{b.)  Period  of  hit  val  life—  Under  tlic  most  faxourable  circumstances 
the  larval  life  is  passed  within  four  days  ;  on  the  other  hand,  with  a 
scarcity  of  food,  it  is  prolonged  for  upwards  of  70  da}\s.  In  tap  water 
o{  average  purity  the  larv;e  are  unable  to  pass  the  first  moult  apart 
from  added  nutriment,  but  they  continue  to  mark  time  until  the 
death  of  their  fellows  enables  a  few  to  complete  their  development. 
Probabl}-,  in  an  uncovered  breeding  pool  the  fall  of  organic  dust 
would  be  sufficient  to  afford  food  for  a  fair  number  of  larvae. 

ici)  Small  adults  reared  froiii  starved  larvcc. — Shortage  of  food 
results  in  the  production  of  small  sized  adults — a  somewhat  important 
point  on  the  practical  side.  Well-covered  cleanly  cisterns  therefore 
require  covers  of  specially  small  mesh  wire  gauze  (not  less  than 
18  X  18),  there  being  always  a  danger  that  eggs  will  be  v\^ashed  in 
froju  gutters  during  rain. 

(<■/.)  Interaetion  between  larval  growth  and  the  development  of 
bacteria.  Experiments  Nos.  XXVII.  and  XXVIII. — Experiments 
show  an  apparent  association  between  the  speed  of  larval  growth  and 
the  development  of  bacteria.  The  scarcity  of  bacteria  in  the  gut  of 
larvae  taken  from  water  swarming  with  these  organisms  is  probably 
evidence  of  the  speed  with  which  bacteria  are  assimilated,  as  it  seems 
improbable  that,  by  the  use  of  the  mouth  brushes,  or  any  other 
means,  the  larvae  could  avoid  swallowing  them.  The  marked  clearing 
action  of  mosquito  larvae  in  foul  water  affords  a  parallel  instance  of 
interaction  between  them  and  the  bacteria,  although  this  might  be  a 
secondary  effect  due  to  the  absorption  of  organic  matter  by  the  larvae, 
and  not  the  ingestion  of  the  bacteria.  Experiment  No.  XXVIII. 
affords  evidence  of  this  interaction,  and  shows  that,  when  two 
similarly  stocked  beakers  were  prepared,  in  one  of  which  bacterial 
action  was  given  four  days'  start  of  the  larvae,  the  bacteria  absorbed 
nutriment,  which,  even  in  the  event  of  the  larvcC  devouring  them, 
could  not  be  regained. 

(^.)  Temperature  which  the  larvic  and  pupce  are  able  to  survive. 
Experiment  No.  XXX. — Lar\al  growth  and  pui)al  development 
proceeded  normalh^  in  a  large  tin  exposed  to  full  sunlight — the 
temperature  of  the  water  rising  to  103  on  one  (occasion.  Trials  with 
larv;e  and  [)ujj;e  taken  from  this  tin  showed  that  the  uppcM'  limit  of 
temperature  they  could  survive  lay  between  i  12  V.  and  115  1"\  As 
regards  cold,  pupa-  icarcd  at  <So  E.  remained  acti\e  at  50  E.,  but 
about  half  the  larva-  *  ubnn'tted  to  the  test  became  stiff  and  immobile 
at    this    tcnipciature,     (|iiitt:    ii'respective    of    si/e.       W  ith    a    further 
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reduction  to  40  F.  all  the  laiviu  became  Immobile  at  the  bott(nn, 
while  the  pup;e,  with  two  exceptions,  also  lost  all  power  of  movement, 
but  remained  at  the  top.  l^oth  larvaj  and  pui).'e  recovered  when  the 
temperature  was  allowed  to  rise,  but  there  was  a  mortality  of  6  out 
of  40  larvie  and  2  out  of  24  pupa.'  submitted  to  the  test. 

( f.)  Survival  of  lame  and  piipcc  ivhcu  submerged.  Expn'iiiicnf 
No.  XXIX. — 183  larvae  and  40  pupje  were  submerged  in  a  wire 
gauze  tube  of  iS  x  18  mesh  for  20  hours;  8  per  cent,  of  the  pup^e 
and   27  per  cent,  of  the  larva:  survived. 

{g.)  Survival  of  larvcc  on  ivet  filter  paper. — Two  larviu  in  their 
fourth  skins  were  stranded  on  a  piece  of  filter  paper  which  was  kept 
continually  wet;  one  lived  3  and  the  other   10  days. 

(//.)  Enemies  of  the  larvce.  Experiment  No.  XXXII. — As  pointed 
out  by  MacGregor,*  the  larger  larvae  of  5.  faseiata  apparently  con- 
sume the  smaller  ones  ;  mortality  from  this  source  seems  to  be  limited 
to  larvae  undergoing  the  first  moult  being  ingested  by  those  in  their 
fourth  instar.  The  habit  of  breeding  in  small  collections  of  water, 
while  saving  the  species  from  the  attacks  of  many  enemies,  enhances 
the  danger  of  fratricide,  but  the  species  is  safeguarded  from  this  risk 
to  a  considerable  extent  by  the  intermittent  hatching  of  the  eggs. 
Tadpoles,  as  stated  by  several  authorities,  certainly  do  not  attack 
well-grown  mosquito  larv^,  though  they  probably  have  a  checking 
influence,  owing  to  competition  for  food.  It  seems  possible,  how- 
ever, that  the  small  larvae  undergoing  their  first  moult,  might  be 
engulfed  by  tadpoles  with  other  food.  A  small  water-bug,  found  in 
rock  pools,  attacks  the  larvae  of  .S.  sugefis,  and  probably  other  species 
as  well,  but  it  was  never  seen  in  sufficient  numbers  to  be  a  serious 
check.  A  species  of  Ostraeoda,  belonging  to  the  genus  Cjprii,  seems 
to  be  inimical  to  mosquito  larvae,  apparently  as  a  competitor  for  food. 

(C.)    Adults. 

{a.)  Pairing  and  feeding. — In  captivity  there  seems  to  be  no 
regular  precedence  either  of  pairing  or  feeding  ;  both  functions  are 
practised  at  an\'  hour  of  the  day  or  night — late  afternoon  being  perhaps 
most  favoured.  I'he  act  of  pairing  commences  during  flight  and 
occupies  only  a  few  moments,  but  is  possibly  repeated  at  frequent 
intervals.  A  single  male  is  able  to  impregnate  10  females  more  or 
less  effectually,  and  to  fertilize  750  eggs  (Experiments  Nos.  XI A' I. 
and  XLVII). 

*  "Journal  of  Tropical  Medicine  and  Hygiene,"  No,  17,  Vol.  XVIII,  ist  Sept., 
1 91 5,  P^^k^e   195. 
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{b.)  Development  of  cgi^s.  0)i  a  sifigle  Jiical  of  blood  und  also  on 
blood  other  than  human. — In  fcedini;"  satiety  is  evidently  aimed  at, 
and  an  interrupted  meal  is  completed  as  speedily  as  possible  ;  a 
perspirin«j^  skin  attracts  more  readily  than  a  dry  one.  A  single  full 
meal  of  blood  is  sufficient  for  egg  production  in  many  cases,  possibly 
for  all,  though  the  eggs  are  sometimes  retained  for  many  days.  The 
blood  of  rats,  dogs,  goats  and  bandicoots  seems  just  as  effective  for 
the  development  of  the  ovaries  as  human  blood,  but  blood  taken  up 
from  a  living  host  seems  to  be  a  practical,  though  not  a  theoretical, 
necessity.  Fed  on  blood  mixed  with  syj'iip.  Experiments  Nos.  XLIV. 
and  XL]\ — A  single  fertile  ^g^  was  laid  when  the  only  food  given 
was  blood  from  a  sheep  mixed  with  syrup. 

{c.)  Feeding  in  relation  to  egg  laying. — Females  with  ripe  ovaries 
usually  refuse  to  feed  until  they  have  deposited  the  bulk  of  their 
eggs,  when  they  feed  greedily.  Females  in  their  period  of  greatest 
vigour  tend  to  develop  and  lay  their  eggs  in  masses  at  about  three- 
day  intervals,  feeding  on  the  first  and  second  days  after  depositing 
their  eggs,  and  fasting  while  the  ovaries  are  full  ;  Experiment 
No.  IX.  and  the  Appendix  to  Experiment  No.  XLVI.  are  typical 
instances.  The  female  used  in  the  latter  experiment  laid  837  eggs 
in  twelve  batches,  exclusive  of  odd  eggs,  while  the  former,  in  22 
days,  laid  712  eggs  in   fifteen  batches. 

(rt^.)  Retention  of  eggs. —  Fertilized  females  that  have  only  received 
a  .single  meal  of  blood  ma\'  retain  their  eggs  for  a  considerable 
period  before  L'uing  them;  lilxperiment  Nos.  XLI.  and  XLTI.  show 
examples. 

(^.)  Choiee  of  situation  for  depositing  eggs. — Tests  showed  that 
the  widely-held  opinion  that  the  kitchen  and  bo)'s'  quarters  are  the 
most  likely  situations  to  look  for  .i".  fasciata  was  in  the  main  correct, 
but  it  seems  questionable  if  the  preference  is  not  as  much  due  to 
the  likelihood  of  there  being  foul  water  present,  as  to  the  chance  of 
feeding  on  the  boys.  No  eggs  were  ever  deposited  in  a  jar  of  clean 
water  kept   in    the   boys'   bedroom. 

In  the  mos(juito  house  a  wooden  tub  or  tin  jjans  were  favoured 
as  against  a  galvani/erl   iron   ])ail  ;   Experiment   No.   XXXIII. 

{f.)  Halts  to  attract  pregnant  females. — ICxperiment  No.  XWIV. 
affoi'ds  e\'idence  which  seems  fairl\-  conclusixt'  of  some  selection  1)\' 
the  females,  but  it  was  b\-  no  means  final,  and  is  as  suggestix'e  of 
subordinatifjii   to  their  own   tastes  as  to  the  needs  of  their  progen}'. 
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(A'"-)  ^'A'o'^"  ''^'^^  ^''^''''^  apart  from  7vel  surfaces.  lixferimciit 
No.  XLIII. —  PYM-tilized  feiuiilcs  reL;uhirly  {ki(\  on  luini.m  l^lood 
would   not  oviposit   when    no   wet   surface  or  water  was  available. 

(//.)  Lcjii^-//i  of  adult  life.  Experiment  Nos.  XXXW  to  XL. — 
The  longest  lived  specimen  was  the  female  used  in  l^^xperiment 
No.  IX.,  which  was  killed  hy  ants  after  95  days.  The  longf^st 
lived  male  life  was  50  (la\'s,  in  Experiment  No.  XXXVII.  Average 
lives  of  29  days  for  males  and  44  days  for  females  are  shown  in 
Experiment  No.  XXXVI 1 1.,  the  specimens  being  fed  on  syrup  and 
kept  in  a  still  and,  for  Ereetown,  not  very  moist  atmosphere. 
Specimens  kept  in  wire  gauze  tubes  give  very  much  lower  averages, 
and  no  evidence  was  obtained  that  5.  fasciata  can  habitually,  or 
is  likely,  save  under  very  exceptional  circumstances,  to  tide  over  the 
dry  season  in  the  adult  stage. 

(?'.)  Enemies  in  the  adult  stage.  Experiment  No.  XL  VIII. — 
Owing  to  its  retiring  habits,  6".  fasciata  probably  suffers  more  from 
wingless  than  winged  foes  once  it  has  gained  entrance  to  a  dwelling. 
Ants  proved  themselves  to  be  deadly  foes  to  caged  mosquitoes ; 
two  species  of  spiders,  one  a  small  web  spinner,  the  other  larger, 
spinning  no  regular  web,  practically  lived  on  6".  fasciata  in  the 
mosquito  house,  and  a  small  flattened  scorpion  was  also  discovered, 
which  ate  large  numbers  when  confined  in  the  same  box  with  it. 
Young  mantidct  were  also  found  to  capture  and  devour  them.  Ants, 
spiders  and,  perhaps,  the  scorpion  are  probably  serious  enemies 
even  to  active,  unconfined  specimens  ;  the  continual  waving  of  the 
raised  hind  legs  of  the  resting  insects  is,  I  suspect,  a  measure  of 
preparedness  to  avoid  attack  by  wingless  foes. 

A  slender  wall-haunting  lizard  quickly  cleared  a  large  cage  of 
5.  fasciata  and   probabl}^  acts  as  a  salutary  check  to  their  increase. 

///. — Parasites. 

The  only  parasites  encountered  were  a  gregarine  Lankesteria 
culicis  Wenyon  and  a  species  of  yeast. 

/  v.— Sterility  of  the  Pupal  Gut. 

I^^xperiments  carried  out  in  collaboration  with  Dr.  G.  G.  Jkitler, 
although,  not  conclusive,  point  to  the  probability  of  the  sterility  of  the 
pupal  gut,  in  so  far  as  infection  by  bacteria  is  concerned. 
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F. — Xotrs  rclatiiig  to  the  Life  History  of  some  Related  ajid 

Associated  Species. 

S.  sugens. — The  ei^gs  are  similar  in  structure  and  hatching 
habits  to  those  of  S.  fasciata — cooHng  acting  as  a  stimukis  ;  larviu 
are  quite  as  rapid  in  development  ;  pupation  may  occur  within  three 
days  of  hatching.  The  adults  have  many  traits  which  suggest  that 
their  habits  are  more  primitive  than  those  of  .S".  fasciata^  which 
shows  the  characteristic  laxness  which  seems  so  frequently  to  follow 
the  close  association  of  animals  with  man. 

S.  siiiipso}ii. — Captive  females  fed  heavily  on  human  blood,  but 
showed  a  decided  preference  for  feeding  at  night.  No  pairings 
were  seen,  nor  were  any  fertile  eggs  laid.  The  breeding  of  specimens 
from  a  collection  of  dry  leaves  taken  in  a  water-hole  proves  that 
the  species  is  able  to  resist  drought,  and  is  undoubtedly  fitted  to 
pass  the  dry  season  in  the  ^^^  stage. 

S.  luteocephala. — The  remarks  made  in  reference  to  5.  simpsoni 
are  generally  applicable  to  this  species.  Only  infertile  eggs  were 
obtained,  but  the  insects  showed  a  decided  preference  for  ovipositing 
on  wood.     The  larv^  show  some  ability  to  survive  among  wet  leaves. 

OcJderotatus  apicoannulatus. — This  species  is  also  fitted  to  survive 
drought  in  the  ^^^  stage  ;  the  females  bite  readily  and  occasionally 
fill  themselves  with  human  blood.  Pairing  was  never  witnessed, 
nor  were  any  eggs  laid. 

O.  initrntHs. — Females  of  this  species  bit  frecjuently  and  occasion- 
ally fed  well  on  human  blood.     No  eggs  were  obtained. 

Uranotcenia  ornatus. — Reared  from  larwu  could  not  be  induced 
to  feed  at  all,  and   survi\ed   for  less  than  two  days. 

Eretinopodites  qjiinquevittatus, — The  females  of  this  and  other 
species  of  the  genus  occasionally  feed  greedily  on  human  blood. 
Pairing  took  place  in  a  \ery  small  cage.  The  eggs  arc  laid  in 
twos  and  threes  and  \  ary  greatly  in  size,  being  usual!}-  much  larger 
than  those  of  Stegomyia.  Some  cement  appeared  to  be  used  to 
attach  them  just  at  or  below  water  le\el.  h'ertile  eggs  failed  to 
survive  drying,  but  others  of  the  same  batch,  which  were  kept  in 
water,  duly  hatched.  The  lar\;L'  are  of  the  Stegoi/iyia  pattern,  but 
are  even  more  slenckM-  in  build,  and  in  habit  art;  confirmed  bottom 
feeders.  The  fourth  skin  lar\a  retains  the  habit  of  browsing  on 
the  sides  and  br>tloni  of  the  l)rc:e(ling  pan  that  is  characteristic  of 
young   lar\a;   of  S.  fasciata. 


1 89 

VI. — I^ii'g''  ^'"^'^^  ^''  f(illcn  leaves  in  luater-holes. 

Ei^gs  arc  laid  on  fallen  leaves  l>'in^'  in  water-holes.  'I'he 
foUowini^  species  were  bred  from  leaves  taken  from  an  empty 
water-hole  in  January  and   immersed   in   March  : — 

233    specimens    of   5.   fasciata  \    24    of    S.    sinipsoiii  \    <Si     of 
^.  Iiiteocephala,  and    14   Ochlerotatus  apicoamtulatiis. 

VII. — Meteorological  conditions  as  affecting  breedi}ig  and  distribution. 

The  early  tornadoes  which  herald  the  breaking  of  the  dry 
season  begin  as  dry  squalls  with  but  little  rain,  and  would  afford 
an  efficient  means  of  bringing  mosquitoes  from  the  outlying  districts 
into  Freetown  ;  this  would  apply  especially  to  the  AnopJieles 
mosquitoes.  At  the  onset  of  the  rains  breeding  is  necessarily 
restricted  to  a  few  pools  in  favourable  situations  ;  later  these  will 
be  rendered  untenable,  but  the  insects  reared  in  them  will  distribute 
and  find  other  smaller  and  more  numerous  pools  available  as  the 
showers  increase  in  number  and  intensit}-.  The  small  number  of 
places  available  for  early  breeding  should  make  it  possible  to 
schedule  and  treat  them  at  short  and  regular  intervals  at  the  very 
commencement  of  the  rains,  even  if  outside  the  bounds  of  the 
regular  sanitary  district. 

VIII. — Experiments  dealing  with  the  destruction  of  S.  fasciata. 
Experiments  Nos.  XLIX.,  LI.,  LIL,  LIII. 

Naphthalene  at  i  in  4,000,  under  the  conditions  of  Experiment 
No.  LI.  is  an  effective  larvicide  ;  at  i  in  8,000  it  is  more  effective 
than  petroleum,  but  allows  of  a  few  survivors.  Soft  soap,  at  less 
strength  than   i   in   1,000,  is  not  an  effective  larvicide. 

Emulsions  of  soft  soap  and  petroleum  are  far  more  effective 
larvicides  than  either  of  them  used  separately,  killing  all  larvae  and 
pupcTe  at  I  in  16,000  (water  temperature  about  80',  experimental 
pans  covered  with  cheese  cloth).  With  naphthalene  added  to  the 
emulsion  it  was  equally  effective  at   i   in  20,000. 

As  against  submerged  eggs  petroleum  and  soft  soap  emulsion 
at  I  in  8,000  is  not  effective  in  killing  the  larvae  within  the  eggs. 
It  has  the  result,  however,  of  inducing  a  high  percentage  of  the 
less  resistant  eggs  to  hatch  at  once,  when  the  young  larvae  are 
killed. 
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IX. — Effect  of  salt  water  on  larvce,  piipic  and  ci^gs  of  S.  fasciafa. 
Experiments  Nos.  LIW  to  LVII. 

Siilt  water  (from  Freetown  Harbour)  speedily  kills  the  lar\je  of 
.V.  faseiata  but  does  not  destroy  the  pupa^. 

As  ag-ainst  the  eggs,  though  it  does  n(>t  destroy  them,  it 
causes  a  high  percentage  of  the  less  resistant  ones  to  hatch  at  once 
and  a  considerable  percentage  of  the  specially  resistant.  The 
young  larviu,  after  hatching,  are  speedily  killed  by  it.  The 
use  of  salt  water  for  flushing  culverts  and  gutters  and  watering 
roads  mighty  if  practicable,  prove  very  beneficial.  The  effect  of  salt 
water  as  a  stimulus  to  hatching  appears  to  be  unconnected  with 
its  specific  gravity  ;  a  solution  of  sugar  of  the  same  specific  gravity 
gave  different  results  and  both  differed  from  the  tap  water  control. 
Both  solutions,  however,  were  apparently  responsible  for  a  mortality 
of  7  per  cent. 

X. — She  of  the  Mesh  of  Netting  for  use  against  S .  faseiata. 

Adults  can  get  through  10x13  cotton  netting;  they  also  pass 
II  X  15  of  the  same  material,  and  14  x  14  wire  gauze.  No 
evidence  of  normal  specimens  escaping  through  16  x  16  wire 
gauze  occurred,  but  there  is  little  doubt  that  the  dwarf  specimens 
caused  by  scarcity  of  food  could  do  so.  As  suggested  by  the 
authorities  of  the  Panama  Canal  Zone,  for  safety  a  mesh  of  not  less 
than    18x18  should  be  used. 

XL — Methods  and  Apparatus. 

This  section  deals  with  the  apparatus  used  in  this  research,  and 
the  methods  adopted  in  carrying  outbreeding  and  other  experiments. 
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A  CONTRIBUTION  TO  THE  BIONOMICS  OF 
PEDICULUS  HUMANUS  {VESTIMENTI)  AND 
PEDIGULUS  CAPITIS, 


By  a.  BACOT, 

Entomologist  to  the  Lister  Institute  of  Preventive  Medicine. 

In  its  inception  this  work  was  planned  with  a  view  to  supplement 
our  present  knowledge  of  the  Hfe  history  of  Pediculus  humanus  (vesti- 
menti,  which  we  owe  so  largely  to  Warburton^  (1909).  The  scheme 
was  to  work  out  in  detail  certain  problems  relating  to  sex  and  fertihty 
and  incidentally  to  obtain  further  evidence  in  support  of  what  is  already 
known  concerning  the  laying  and  hatching  of  eggs.  The  success  of  an 
attempt  to  breed  P.  capitis  under  conditions  that  had  already  proved 
satisfactory  with  P.  humanus  suggested  that  it  was  worth  while  enlarging 
the  scope  of  the  scheme  in  order  to  include  the  head  louse,  as  this  insect 
seemed  to  be  amenable  to  the  same  conditions  of  captivity. 

These  conditions,  as  nearly  natural  for  P.  humanus  as  were  consistent 
with  captivity  and  isolation,  are  admittedly  more  artificial  when  applied 
to  P.  capitis ;  it  is  necessary  to  keep  this  fact  in  mind  when  comparing 
the  bionomics  of  the  two  insects  as  described  in  this  paper. 

The  lower  egg  production  of  capitis  is  in  all  probabihty  chiefly 
due  to  the  smaller  egg-containing  capacity  of  its  body;  for,  in  spite 
of  the  fact  that  the  eggs  of  the  head  louse  are  sHghtly  smaller  than 
those  of  the  species  associated  with  clothing,  the  body  extension  of 
the  $$  P.  humanus  still  gives  them  a  marked  advantage  with  respect 
to  the  number  of  fully  developed  eggs  that  they  can  carry.  The  shorter 
life,  and  apparently  lower  vitality  of  P.  capitis  as  compared  with  P. 

1  I  was  unaware  of  the  publication  of  Sikora's  (1915)  excellent  paper,  which  contains 
much  fuller  dotailH  than  any  hitherto  j)ul)lish('(l  account  of  the  biology  of  P.  humamis 
{veslirnenli),  until  the  exijerimcntH  detailed  in  thi.s  paper  had  been  mapped  out  and  half 
completed. 
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humanus,  is  probably  due,  at  all  events  in  part,  to  the  method  of  feeding 
and  other  conditions  of  captivity. 

Origin  of  the  strains  experimented  with. 

Lice  were  obtained  from  three  separate  sources ;  a  London  Borough 
Lifirmary,  one  of  the  London  County  Council  cleansing  stations,  and 
a  Salvation  Army  shelter.  I  take  this  opportunity  of  recording  my 
thanks  to  the  Officials  of  these  Institutions  who  so  kindly  assisted  me 
by  providing  material. 

The  insects  obtained  from  these  sources  were  placed  together  and 
treated  as  a  single  stock  in  the  case  of  P.  humanus.  With  P.  capitis, 
however,  two  stocks  were  kept;  one  raised  from  nits  on  the  hair  and 
the  other  from  active  insects  received  with  the  hair.  This  course  was 
pursued  in  order  to  avoid  possible  error  due  to  a  mixed  infection,  but 
as  no  difference  in  size,  structure,  or  habits  was  observed  between  the 
two  stocks,  it  was  concluded,  after  several  generations  had  been  bred, 
that  only  P.  capitis  had  been  present.  Subsequently  either  stock  was 
drawn  upon  to  supply  insects  for  experiment. 

Methods.  The  method  of  breeding  employed  was  essentially  the 
same  as  that  adopted  by  the  author  when  experimenting  with  fleas 
(Bacot  1914),  in  one  particular  adaptation  to  the  circumstances  it 
closely  paralleled  a  feature  of  the  method  mentioned  by  Sikora  (1915), 
the  idea,  however,  was  differently  appUed. 

The  insects  were  kept  in  glass-bottomed  entomological  boxes  lined 
with  a  loose  slip  of  cloth  to  give  foothold.  In  the  case  of  P.  capitis 
a  small  tuft  of  hair  was  also  generally  added,  although  it  was  found 
not  to  be  essential.  The  open  top  of  the  box  was  covered  with  chiffon, 
the  lid  being  partly  closed  over  it  to  keep  it  stretched  while  it  was 
securely  tied  in  position  with  fine  thread ;  as  an  extra  precaution 
against  escape  the  box  was  nested  in  one  of  a  larger  size.  Feeding 
took  place  readily  through  the  chiffon  when  this  was  placed  against 
a  suitable  skin  surface.  As  it  was  necessary  during  the  progress  of  the 
research  to  feed  isolated  individuals  or  families  in  as  many  as  three 
dozen  separate  boxes  at  once,  small  ones  of  three  quarters  of  an  inch 
diameter  were  used.  Holes  punched  in  pieces  of  card  into  which  the 
gauze  covered  boxes  were  inserted,  enabled  them  to  be  kept  in  position 
against  the  body  during  sleep,  with  the  aid  of  a  flannel  belt.  The  insects 
had  the  option  of  feeding  at  any  time  covering  a  period  of  six  or  seven 
hours  during  which  the  chiffon  covered  openings  of  the  boxes  were 
against  the  skin. 
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During  the  day  the  boxes  were  carried  in  the  pockets  of  a  waistcoat, 
the  eggs  laid  being  hatched  in  the  same  or  similarly  fitted  boxes  carried 
beneath  the  clothinsr. 

The  only  section  of  the  experiments  in  which  this  procedure  was 
modified  was  in  that  deahng  with  the  eggs  of  ??  submitted  to  differential 


/:-,.,-,    r 


C 


Figs.  1  and  2. 

Breeding  method  when  a  large  number  of  segregated  individuals  or  broods 
have  to  be  fed  at  the  same  time. 


feeding  (Table  VITT)  and  the  trials  conducted  to  test  variability  in 
hatching  (Table  IX),  in  which  it  was  thought  desirable  to  keep  the  eggs 
at  a  constant  temperature.  In  both  these  instances  the  eggs  were 
laid  on  cloth  and  placed  in  glass  tubes  plugged  with  cotton-wool,  the 
tubes  being  kept  in  a  humid  incubator  having  a  constant  temperature 

of'src. 
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Habits  of  the  insects  noted  when  reared  under  the 
conditions  mentioned  above. 

P.  capitis  is  much  the  more  active  insect  of  the  two.  In  egg  laying 
either  species  can  adapt  itself  to  cloth  or  hair.  P.  capitis  will  sometimes 
lay  eggs  on  cloth,  although  there  are  hairs  in  the  box.  P.  humanus, 
on  the  other  hand,  seldom  if  ever  lays  on  hair  while  there  is  cloth  in  the 
box  and  when  compelled  to  do  so  the  females  of  this  species  appear  to 


Fig.  3.     P.  capitis  x  25. 

be  less  skilful  in  cementing,  or  careful  in  getting  the  long  axis  of  the 
egg  into  aUgnment  with  the  hair.  When  forced  to  lay  on  hair  they  not 
infrequently  attach  the  egg  at  an  angle  to  the  axis  of  the  hair. 

Two  or  three  $$  and  ^(^  of  P.  humanus  were  placed  in  a  small  box 
with  human  hairs  of  two  or  three  centimetres  long  from  the  forearm. 
The  insects  were  liberally  fed  for  three  days,  during  this  period  they 
laid  35  eggs.  Of  these  one  was  attached  to  the  side  of  the  box  and  was 
also  cemented  to  the  hairs  which  clung  together  owing  to  eggs  having 
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been  fastened  to  two  or  more  hairs  at  the  angles  of  crossing.  Nine  eggs 
had  been  laid  on  the  gauze  cover  of  the  box ;  only  four  eggs  had  been 
attached  to  the  single  hairs,  while  21  (60  %)  of  the  eggs  were  cemented 
to  two  or  more  of  the  hairs,  the  $$  having  apparently  searched  for 
positions  where  the  hairs  crossed  or  ran  parallel  to  each  other  so  as  to 
avoid  attachment  to  single  hairs. 

Several  $$  and  S'S  of  P.  capitis  were  treated  similarly,  in  this  box — 
36  eggs  were  laid,  all  of  them  on  hairs;  28  were  attached  to  a  single 
hair  only ;  six  had  attachment  to  two  and  two  to  three  hairs.    A  marked 


P.  humanus  x  25. 


difference  was  observable,  also,  in  the  selection  of  position  for  attachment 
in  the  case  of  the  eggs  having  attachment  to  more  than  one  hair.  In 
every  case  the  hairs  chosen  not  only  ran  parallel  for  more  than  the 
length  of  the  egg,  but  in  most  cases  they  were  side  by  side.  The  parallel 
hairs  affected  by  P.  humanus  were  separated  from  each  other  by  a  well 
marked  space,  while  in  most  cases  hairs  crossing  each  other  at  a  wide 
angle  had  been  chosen. 

P.  humanus  $?  in  most  cases  exhibited  what  may  be  roiiglily  called 
a  homing  instinct ;  that  is  to  say  they  returned  again  and  again  to  the 
same  spot  to  lay  their  eggs.     As  this  habit  made  counting  difficult. 
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various  methods  of  shifting  the  piece  of  cloth,  turning  it,  so  that  the 
exposed  surface  went  against  the  side  of  the  box,  the  addition  of  a  second 
piece  of  cloth,  etc.,  were  tried  in  an  endeavour  to  get  the  eggs  spread, 
instead  of  clustered.  As  a  rule  these  attempts  were  unsuccessful,  there 
seemed  to  be  some  attraction  which  led  to  the  deposit  of  fresh  eggs 
where  others  were  already  laid. 

P.  capitis  $9  occasionally  exhibited  the  same  tendency,  but  it  was 
never  so  marked  or  "wilful"  as  with  those  of  P.  humanus.  Another 
habit  that  was  marked  in  the  body  louse  and  less  noticeable  but  still 
to  be  observed  with  P.  capitis,  was  a  tendency  to  gregariousness  shown 
by  clustering,  especially  on  the  part  of  the  larvae  and  nymphs  when 
about  to  moult. 

Pairing  may  be  seen  at  any  period  of  the  day  or  night  on  the  part  of 
both  species,  the  insects  remaining  together  for  a  considerable  time; 
periods  of  over  an  hour  were  observed,  but  I  failed  to  ascertain  what 
the  Umits  were. 

Both  species  show  a  very  definite  negative  heliotropism,  moving 
towards  any  shadow  or  dark  coloured  object  in  their  vicinity.  General 
observation  suggested  that  their  actions  differed  somewhat,  however, 
according  to  whether  they  were  at  the  time  of  exposure  to  light  resting 
on  a  dark  or  a  light  surface.  The  following  experiment  was  carried 
out  with  P.  humanus : 

Two  eight  inch  squares  of  paper,  one  black  and  the  other  white, 
each  having  a  sufficiently  roughened  surface  to  afford  good  foothold, 
were  placed  near  together  about  two  feet  from  a  window.  The  lice 
at  each  trial  being  emptied  out  of  a  tube  on  to  the  centre  of  the  paper. 

Two  batches  of  lice  were  used,  each  comprised  five  females  and 
four  males ;  eight  trials  were  made  on  each  paper — the  batches  being 
transposed  from  black  to  white  and  vice  versa  after  each  trial. 

While  these  experiments  strengthen  the  idea  suggested  by  my 
general  observations,  viz.  that  there  is  a  difference  between  the 
behaviour  of  the  insects  dependent  upon  their  being  on  a  light  or  dark 
surface  when  exposed  to  the  light,  their  movements  being  less  assured 
in  the  former  case,  the  result  is  not  so  striking  as  I  was  led  to  expect. 
Had  the  papers  been  broader  all  the  active  insects  would  have  reached 
the  end  farthest  from  the  source  of  hght,  as  all  their  tracks  towards 
the  sides  were  diagonals  in  this  direction. 

The  sluggishness  recorded  is,  with  one  exception,  due  to  the 
inactivity  of  three  (^S;  oi  the  15  records  14  were  due  to  the  inaction 
of  these  three  individuals. 
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observa-      (black  or 

tion  white) 
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Black 
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Black 


White 


Black 


White 
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3  h 
6     c 

0  a 
0  h 
9     c 


White 


Black 


White 


Black 


White 
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Black 


White 


Totals 

r  9  =  13% 
i  6=  8  0/^ 
167=79% 

f  6=  9% 
119  =  26% 

147=65% 


lice  sluggish  and  failed  to  crawl. 

lice  crawled  to  side  of  the  paper. 

lice  crawled  to  edge  of  paper  farthest  from  the  source  of  light. 


Length  of  life  of  unfed  lice  under  different  conditions 
of  temperature. 

Lice  at  all  stages  of  growth  were  taken  from  a  stock  box  carried 
in  a  vest  pocket  and  submitted  to  the  following  conditions :  in  a  room, 
the  air  of  which  is  very  dry  owing  to  central  heating,  temperature 
]6°-18°C. ;  in  a  humid  incubator  at  24-5°  C.  constant;  in  a  dry  air 
incubator  at  37°  C.  constant. 

At  16°-18°  C.  most  of  the  insects  died  within  four  days;  two  lived 
five  days;    one  adult  was  still  living  on  the  seventh  day. 

At  24-5°  C.  all  died  within  five  days. 

At  36*1°  C.  all  died  within  three  days. 

Newly  hatched  lico  that  had  not  been  fed  lived  less  than  24  hours 
at  36*1°  C.  When  kept  unfed  in  a  box  in  the  vest  pocket  newly  hatched 
lice  lived  but  little  more  than  a  day ;   none  survived  a  second  day. 

Adults  kept  in  a  box  unfed  in  the  side  pocket  of  a  coat  lived  five  days. 
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Cold.  Active  lice  in  all  .stages  weie  placed  in  a  clotli-liiicd  box  and 
kept  in  a  cold  room  at  —  2-3°  to  1-1°  0.  for  48  hours;  all  were  stiff 
and  motionless  w  hen  tiik(Mi  out,  hut  after  21  houis  in  a  vest  pocket  all 
revived ;  they  were  afforded  ample  opportunity  of  feeding,  after  which 
they  were  again  ke])t  in  Ihe  cold  room  for  seven  days;  all  were  dead 
on  removal. 

Feeding.  Hungry  lice  do  not  as  a  rule  wander,  but  settle  down  to 
feed  at  once  if  placed  on  a  suitable  skin  area.  When  a  number  are 
placed  on  a  small  area  of  not  more  than  a  square  inch,  there  is  a  con- 
siderable difference  in  the  time  taken  to  draw  blood ;  many  obtain  it 
within  half  a  minute  to  a  minute,  others  within  two  or  three  minutes, 
while  a  few  may  be  five  minutes  or  over.  Such  delay  seldom  if  ever 
occurs  wdth  bugs  (Cimex  lectularius)  presumably  owing  to  their  more 
powerful  pumping  apparatus,  or  possibly  the  greater  depth  of  the 
wound.  Fleas  not  infrequently  fail  at  the  first  attempt,  in  which  case 
they  usually  shift  and  try  again  at  another  spot.  Lice,  however, 
rarely  if  ever  shift,  but  wait  patiently  until,  presumably,  the  irritation 
caused  by  the  injection  of  saliva  dilates  the  capillaries  and  brings  the 
flow  of  blood  to  the  wound.  This  reliance  upon  the  salivary  fluid  fits 
in  well  with  the  fact  of  the  more  intense  and  lasting  effect  of  the  bite, 
as  compared  w^ith  that  of  either  fleas  or  bugs  (on  the  author).  With 
insects  having  such  a  generally  restricted  range  of  operations  there  is  a 
very  fair  chance  of  their  feeding  a  second  time  on  the  same  area  and 
benefiting  by  the  inflammation  resulting  from  their  previous  attacks. 

Experiment  shows  that  there  is  much  the  same  variation  in  the 
time  required  to  obtain  blood  on  the  part  of  newly  hatched  larvae 
as  wdth  larvae  in  their  second  skin,  nymphs  and  adults ;  and  the  speed 
with  which  they  fill  their  crops  also  varies  from  about  tw^o  to  fifteen 
minutes. 

Growth  and  moulting:    Pediculus  hunianus  {vestinienti). 

Forty  newly  hatched  lice  w^ere  kept  in  a  box  in  a  vest  pocket  and 
afforded  opportunity  for  feeding  during  six  or  seven  hours  each 
night;    cast  skins  were  found  as  under: 

Number  of  days  after  hatching 


1 
Number  of 

2 

3 

4 

5 

6 

cast  skins 

1 

17 

22 

7  8  9  10  n  12  13  14 

()        21)       5         2         I        22       i:i        2 


1st  moult  2ud  moult  .'Jrd  moult 

•JO      4.9  o/     rjr  o  \r.o'    70  0/     l '}  (>  r.  o'     •-{  o       nri  o      'io  o      5  o/ 

■^  /O    ^-^  /o    ^"^  /o  ^^  /o   '■^  /o   ^"^  /o  '^  ,0    ^     o    ^'^     o    •'-     0^/0 
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TABLE  I.     Fertility  of  Pediculus  liumanus  (vestiment 

Inspects;  in  the  larval  stage  were  taken  from  a  stock  box  and  reared  until  maturity  in  separate  boxes.  The  $$  wct< 
(approximately  7  hours).  The  q  "-^t'd  for  the  first  pairings  matured  on  23  Dec.  1915  and  died  on  24  January  191i 
kept  ill  separate  boxes.     None  of  them  hatched. 

The  boxes  containing  the  $$  and  eggs  were  carried  in  a  waistcoat  pocket  during  the  day ;  at  night  they  were  in  still 


Refer- 
ence No.    Date  when 
of  ?         ?  matured 


Date  wlien  Date  of 

the  J  was      Copulation         removal 

added  observed  of  i 


Days  counting  from  maturity  of  the  ?  to  that  on  whi 


1  23.  XII.  15  23.  XII.  15  —  24.  xii.  15 

2  23.  XII.  15  24.  xn.  15         —  25.  xn.  15 

3  23.  xn.  15  25.  xn.  15  26.  xn.  15  26.  xn.  15 


4  23.  xn.  15  26.  xn.  15 

5  23.  xn.  15  27.  xn.  15 


27.  xn.  15 

28.  XII.  15 


6  24.  xn.  15  28.  xn.  15         —  29.  xn.  15 

7  24.  XII.  15  29.  xn.  15  29.  xn.  15  30.  xn.  15 

8  25.  xn.  15  30.  xn.  15         —  31.  xn.  15 


1st     2nd    3rd 


—     —        2 


4th  5th    6th 

—  8      10 

—  57 

—  64 


1     — 

9      


-       11 

4       1 


7th    8th    9th    10th    11th   12th   13th    14th  151 1 

4  6       5       6       7       7       4     10      4 
47       378837 
5574     10       673 

5  7       6       3     11       8       5       7 


1( 


—  2 

3 

5 

6 

5 

6 

7 

10 

3 

6 

7 

—      3 

3 

4 

4 

5 

6 

6 

5 

8 

5 

6 

2 

3 

2 

3 

4 

3 

6 

2 

6 

3 

2 

9      26.  XII.  15  31.  XII.  15     1.    i.    10     1.    i.    16 


3       6 


«i  ■  (| 


10 

26. 

XII. 

15 

1. 

16 

— 

2. 

16 

11 

28. 

xn. 

15 

2. 

16 

— 

3. 

16 

12 

28. 

XII. 

15 

3. 

16 

— 

4. 

16 

13 

30. 

XII. 

15 

4. 

16 

— 

5. 

16 

14 

1. 

I. 

5. 

16 

5. 

I. 

16 

6. 

16 

15 

6. 

I. 

6. 

16 

6. 

I. 

16 

10. 

16 

16 

10. 

I. 

10. 

16 

10. 

I. 

16 

13. 

16 

17 

13. 

I. 

13. 

16 

— 

15. 

16 

18 

15. 

I. 

15. 

16 

— 

19. 

16 

19 

19. 

I. 

19. 

K) 

19. 

I. 

16 

20. 

16 

20 

20. 

I. 

20. 

K) 

— 

22. 

16 

21 

22. 

I. 

22. 

16 

— 

23. 

16 

—  —  "    2 

—  —      1 

—  —      1 


6       8 


10 
(5 
4 
4 

4 

5 

7 


3 

6 

10 

8 
8 
3 

7 


8 

10 

4 

6 

7 
8 
() 


4 
4 
7 

10 
() 
3 

10 


6 

2 

5 

10 


7 
6 
8 
8 
10 
9 


5 
6 
3 

7 

i 
7     I'f 

8 

9 

8 

6 

2 

8 

9 


10 


l;|  9  i 


Note.     'I'hc  fij.'ureH  in  heavy  ty[)e  indicate;  that  these  eggs  were  kept  in  s(>parate  boxes  fioni  thos(>  laid  > 
of  laying  bc^foic  this  test  was  made  was  progressively  shortened  in  order  that   the  opi 


A.   n.MOT  '2:\7 


rlicifhtrs  of  junr/n;/  <ni(l  <■(/(/  hn/nif/. 

h\\  ill  those  sc^paratc  boxos,  i\\v  J  being  placed  with  eaeh  V  '»  rotation.     Opportunity  for  f(!e(ling  was  {^iven  each  night 
lays).      Kiigs  hiid  before  the  introduetion  of  the  J  are  italicised  and  were,  in  the  case  of  '^'^:  Nos,  (5,  7,   10,  12,  13  and  14, 

luMi  to  the  huMian  body. 

laid.    The  number  of  eggs  is  indicated  by  tlie  figure  below  1'otal 

— ^  eggs  laid 

1    18th    19th   20th   21st  22nd  23rd  24th   25th   26th   27th   28tli   29tli   30tli   31st  32nd  33rd   34th  35th    per  ?  KeniarkK 

2  !)       2       7      4      5     —     —     —     —     —     —     ——     —     —     —     —     118     Died  on  the  23rd  day. 

4       0       0       S       5       ()       7       2       5       4       3       5       1—1       4      4     —     150     Died  on  the  34th  day. 

8  7       5       5       4      5       5       7       3       6       4       4       5       3       6       4       6       2      11)6     See  further  entries  after  second 

*  j)airing.  Table  IT. 

3  06       875795975433     —     —     —     172     Died  on  the  32nd  day. 

—    —    —     —     —     —     —     —    —     —     —     —     —     —     —     —     —     —         7     Died   on   the    11th    day.     Eggs 

infertile. 
10       5_________     ________       1)5     Lost  on  the  19th  day. 

()       6       3       4       5       2       9     —      4      4       3       6     —       1     —    —     —     —     123     Died  on  the  32nd  day. 

3       2       (3       2       5       3       1___________       70     Accidentally  killed  on  the  23rd 

day.     Eggs  infertile. 

7       5     12       3       2       76766555473     —     —     159     See  further  entries  after  second 

pairing.  Table  II. 

()       (i       5       3       8       5       2       1       ()       4       !____    —     —     —     102     Died  on  the  29th  day. 

9  7     11     14       7       9       8       6       5       5       7       3    10     —     —    —    —     —     180     Died  on  the  30th  day. 

3  —     —     —     —     —     —     —     —     —     —     —     —     —     —     —    —     —       55     Died  on  the  19th  day. 

7       8       3       4       4       5       64546554     —     —    —     —     154     See  further  entries  after  second 

pairing.  Table  II. 

7  (J  G  (5  2  3  10  9  6  6  10  6  4  3  7  —  —  —  181 

4  9  3  7  5  7  8  5  5  4  10  —  —  —  —  —  —  —  148 

985  5  6  76  7  —  —  —  —  —  —  —  —  —  —  137 

7  3  6  7  8  6  7  7  —  —  —  —  —  —  —  —  —  —  141 

5  9  8  8  9  9  7  —  —  —  —  —  —  —  —  —  —  —  152 

5  8  5  6  —  —  —  —  —  —  —  —  —  —  —  —  —  —  115 

7  6  8  5  —  —  —  —  —  —  —  ———  —  —  —  —  —  117 

1  10  5  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  110     None    of    these    eggs    hatched, 

presumably  this  2  was  not 
fertilized  as  she  laid  fertile 
eggs  after  pairing  with  an- 
other o ,  see  entries  on  Table 
II. 

'r  to  test  if  the  $$  still  retained  the  power  of  fertilizing  them.     It  will  be  noted  that  with  experience  the  period 
.  second  pairing  might  take  place  before  the  $  was  too  old  and  feeble  to  profit  by  it. 
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Table  I  gives  the  record  of  21  $$  of  P.  humanus  which  were  segregated 
in  the  larval  stage  and  on  reaching  maturity  were  placed  in  rotation 
with  a  single  c^.  Of  these  21  $$  18  were  more  or  less  effectively  fertilized 
by  the  one  o-  It  will  be  noted  that  the  ?$  invariably  commenced 
oviposition  irrespective  of  their  having  paired ;  probably  egg  develop- 
ment is  entirely  a  question  of  nutrition  and  laying  is  completely  automatic 
while  feeding  continues  at  a  favourable  temperature.  In  no  case  did 
eggs  laid  by  virgin  ?$  hatch. 

As  regards  the  three  $$  which  laid  only  infertile  eggs — it  is  probable 
that  the  death  of  No.  5  was  connected  with  pairing,  as  she  laid  but  one 
egg  after  the  introduction  of  the  ^,  and  she  died  with  the  whole  body 
and  limbs  as  far  as  claws  tinged  with  red.  I  suspect  that  death  resulted 
from  rupture  of  the  alimentary  canal  due  to  violence  during  the  sexual 
act.  Deaths  showing  a  similar  post-mortem  appearance  are  by  no 
means  uncommon.  In  the  course  of  the  experiments  it  was  remarked 
that  death  frequently  followed,  if  it  did  not  actually  occur  during,  the 
act  of  pairing  if  the  $$  were  nearing  their  age  limit. 

In  the  case  of  No.  8  it  is  doubtful  if  pairing  ever  took  place;  this 
?  proved  a  poor  egg  layer,  but  the  evidence  available  from  the  other 
$?  which  laid  prior  to  pairing  precludes  any  suggestion  that  low  egg 
production  resulted  from  infertihty ;  it  is  possible,  however,  that  both 
the  failure  to  pair  and  small  egg  laying  capacity  were  the  outcome 
of  a  low  vitality. 

Probably  the  ^  was  too  feeble  to  pair  w^ith  No.  21,  as  he  died  the 
following  day.  Table  V  shows  that  there  was  no  question  in  regard  to 
the  vitality  of  this  $  as  she  laid  fertile  eggs  after  she  had  been  placed 
with  another  S. 

It  was  obvious  early  in  the  course  of  the  experiment  that  ability 
of  the  $$  to  lay  fertilized  eggs  after  the  removal  of  the  ^  did  not  continue 
for  life  (see  Table  IV).  In  order  to  test  the  period,  the  $?  were  removed 
to  fresh  boxes  at  a  progressively  shortened  interval  of  time.  The  eggs 
laid  in  the  second  box  are  indicated  by  printing  the  figures  in  heavy  type. 
By  this  means  a  general  indication  of  the  duration  of  fertility  was 
attained ;  in  the  cases  where  eggs  hatched  which  had  been  laid  in  the 
second  box,  showing  definitely  that  fertility  was  still  retained,  the  term 
"at  least"  indicates  that  the  number  of  days  might  have  been  more.  In 
several  cases  the  number  of  days  has  been  calculated  by  counting  the 
number  of  eggs  laid  in  sequence  up  to  the  number  which  hatched  and 
reckoning  tlic^  rnimberof  days  from  the  rcnnoval  of  tli(^  (^  up  to  the  date  of 
the  last  laid  egg  included  in  the  total.     In  both  cases  it  is  probable  that 
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TABLE   IV.     Fertility  of  Pediculus  liumanus  (vestimei 


Note,     There  is  no  necessary  relation  between  the  lice  emerging  on  any  particular  day  and  the  eggs  la  o 
other;    they  were  kept  in  the  box  with  the  laying  $  until  she  was  transferred  to  a  new  box.     The 


Days  counting  from  date  on  wliich  the 
7th     8th     9tli    10th     11th    12th    13th   14th   Lith   16th   17th   18th   19th  20th  21st  22nd  23rd  24tt 


Reference 

number 

of  ? 

Date  when 
?  matured 

Date  wlien 

tlie  (^  was 

added 

I 

23.  XII. 

15 

23. 

XII.  15 

2 

23.  XII. 

15 

24. 

XII.  15 

3 

23.  XII. 

15 

25. 

xn.  15 

4 

23.  XII. 

15 

26. 

XII.  15 

5 

23.  xn. 

15 

27. 

XII.  15 

0 

24.  XII. 

15 

28. 

XII.  15 

7 

24.  XII. 

15 

20. 

XII.  15 

8 

25.  XII. 

15 

30. 

XII.  15 

9 

26.  xn. 

15 

31. 

XII.  15 

10 

26.  XII. 

15 

1. 

I.    16 

11 

28.  XII. 

15 

2. 

I.    16 

12 

28.  XII. 

15 

3. 

I.    16 

i:{ 

30.  XII. 

15 

4. 

I.    16 

14 

1.    I. 

10 

5. 

I.     16 

If, 

(i.    I. 

10 

0. 

I.     16 

l»i 

10.    I. 

Mi 

10. 

I.     16 

17 

13.    I. 

K) 

13. 

I.     16 

18 

15.    I. 

n; 

15. 

I.     16 

10 

10.    I. 

10 

1!>. 

I.     16 

20 

20.    T. 

ifi 

20. 

I.     16 

21 

22.    I. 

Ki 

22. 

I.     1() 

—     1 


(> 

7 

5 

11 


8     12 
6       5 


—  —       2 

—  —        4 


1 


3 
11 

1 
10 


1       1 


0 
3 
8 
1 
2 
4 
5 
8 
7 
7 

12 
5 


2 
3 
5 
1 
4 
4 
7 
8 
5 
13 
1 
7 


11 


8 
I 

5 
7 

10 

12 

4 


12 
1 
2 

4 

0 
0 
10 
8 
() 


10 


3  1 


Figures  in  heavy  type  refer  to  en: 
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liicidars  of  (he  halching  of  (he  eggs. 

piutic'vilar  date.     It  was  found  impracticable  to  keep  the  eggs  laid  on  different  days  separate  from  each 
;>  from  which  tlu>  number  of  days  has  been  reckoned  is  the  date  on  which  the  o  was  placed  with  the  $. 


ed  with  the  ? 


I  27th  28tli   29th   30th   31st  32nd   33rd  34tli   35th 


7  5       1—      i_  —  —  — 

3  24554  —  —  1 

3  10       1       1       4       1  —  —  — 

5  1       \     —    —    —  —  —  — 


ch  eggs  laid  in  the  second  box  hatched. 


Total 

of  eggs 
laid 
per  ? 

Total   Percentage 
of      of  possible 
eggs        fertile 
liatclied      eggs 

118 

60 

51% 

150 

59 

39  % 

\m 

97 

59  % 

172 

56 

oo  o/ 

.5^     /O 

7 

0 

nil 

95 

57 

03% 

123 

65 

57% 

70 

0 

nil 

159 

115 

75  % 

102 

24 

28% 

180 

99 

60% 

55 

29 

66  % 

154 

63 

46  % 

181 

70 

41% 

148 

96 

65  % 

137 

88 

64  % 

141 

77 

55% 

152 

73 

48% 

115 

77 

67% 

117 

58 

50  % 

110 

0 

nil 

Remarks 

Ability  to  fertilize  eggs  retained  for  less  than  20  days. 

24 
more  „     19     „ 

5  5  5  5  5  5  less       ,,  X  '1  ,, 

It  is  doubtful  if  any  pairing  took  place. 
Ability  to  fertilize  eggs  retained  for  at  least     10     ,, 
,,  ,,  ,,  less  than  21     ,, 

It  is  doubtful  if  any  pairing  took  place. 
Ability  to  fertilize  eggs  retained  for  at  least      20     ,, 


>> 

6 

J5 

18 

7 

not 

more 

than  18 

55 

20 

over         16 

55 

15 

not 

more 

than  19 

»> 

17 

about         15 

not 

more 

than  12 

It  is  doubtful  if  any  pairing  took  place  with  this  ^,  see 
entries  under  Table  V. 
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Biintoinics  of  Pediculus 


TABLE  VIII. 

The  influence  of  food  supply  upon  (a)  the  number  of  eggs 

laid  and  (b)  their  fertility. 

Mdhod.  A  number  of  lice  in  the  larval  stage  were  reared  until  adult.  5  q^  and  5  $$ 
were  then  placed  in  each  of  two  boxes.  Those  in  box  B  were  fed  at  night  only, 
period  for  feeding  available  about  7  hours.  In  box  A  additional  feeding  time, 
2  or  3  hours,  was  given  by  day.  Boxes  kept  in  a  breast  pocket  by  day.  (A  false 
start  was  made  owing  to  a  $  in  one  of  the  boxes  escaping  during  the  counting  of  the 
eggs;  as  the  escape  was  not  noticed  until  the  10th  day  a  fresh  start  was  made  on  the 
11th  day  with  four  pairs  in  each  box.) 


Box  A. 

Number  of  eggs  laid  eacli  day. 
Figures  at  top  indicate  days  in 
the  life  of  the  ? 


12 


13     14   15    16 


19 

30 


17       18 

Number  of  eggs  laid     32     25     66     34     35     34 
Total  256  =  a  daily  average  of  8  per  $ 

Percentage  hatching  =  91  % 

Box  B. 

Number  of  eggs  laid  each  day. 
Figiues  at  top  indicate  davs  in 
the  life  of  the  ? 


Number  of  eggs  hatching,  each 
day's  laying  treated  as  a 
separate  batch 

12       13    14  15    16       17       18       19 


30     23 


62     32     30 
Total  233 


30     26 


Number  of  eggs  hatching,  each 
day's  laying  treated  as  a 
separate  batch 


12 


13    14   15    16       17        18 

Number  of  eggs  laid     28     17     49     30     22     28 
Total  201  =a  daily  average  of  6-3  per  $ 


19 

12 

13    14   15    16       17 

18 

19 

27 

28 

17     49     29     21 
Total  195 

25 

26 

Percentage  hatching  =  97  % 


Reverse  order  of  feeding. 

On  the  20th  and  21st  days  the  insects  in  both  boxes  were  treated  alike  as  regards  feeding 
(at  night  only)  and  no  records  of  egg  laying  were  made.  On  the  22nd  and  following 
days  the  insects  were  fed  in  the  reverse  order ;  A  one  period  of  about  7  hours  at  night, 
1>  two  periods  7  hours  at  night  and  2  or  3  hours  during  the  day.  On  tlic  2()th 
day  a  T,  in  box  A  died  and  one  was  also  removed  fiom  box  V>.  On  tlie  28th  day  the 
insects  in  Ijox  B  were  not  fed  during  the  (hiy  and  both  boxes  were  r(MiU)ved  from 
pocket  during  that  day. 

Box  A. 

*        Number  of  eg^^s  laid  each  day. 
Figures  at  toj)  indicate  days  in 
the  life  of  the  ? 

. -^ , 

23       24        25        26       27    28  29    30 

Number  of  eggs  laid      18     18     15     18     17     28     14 
Total  128 -a  daily  average  of  4-5  per  $ 

Pei'ceiitage  hatching -- 91  ^) 

Box   H. 

Number  of  eggs  laid  each  day. 

l-'igurcH  at  top  indicate  djiys  in 

the  life  of  llie  ? 


Ninnber  of  eggs  hatching,  eadi 

day's  laying  treated  as  a 

separate  batch 


23 

24 

25        26 

27    28  29    30 

17 

17 

13     Ki 

14     28     12 

Total 

17 

Number  of  eggs  liatchlng,  caeli 

day's  laying  treattMl  as  a 

separate  l^atch 


23       24 


•26       27    28-  29    30 


Niuiibeiof  eggs  laid      \V1     DO     28     25     23     28     21 
'j'olal   187      a  daily  a\(iage  of  ()-6  jX'i-  ^ 

l*ercentage  hatching     94  '},',. 


23      24       25       26       27    28  29    30 

31      .",()     21     2.3     20     27     21 
Total   I7(i 
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TAP,LE   TX. 

Ifdfrhinq  of  cfjijs  of  Podiculus  liuiTiniuis  ivlini  krjt/  al  a  conslanl  Icni pcralure. 

riio  eggs  laid  by  10  pairs  of  nowly-maturod  lice  were  taken  from  the  boxes  in  which  they  were  hii<l 
(on  cloMi)  eacli  day  iiiul  kc|)t  as  separate  batclies  in  a  hinnid  atmosphere  at  :K)°  C. 


J.  G  a)  D        — 
>,  C  *->  J  "C    o 


S  C  •*  a) 

1 
2 

8 
4 
5 

7 

8 

9 
10 
11 
12 
13 
14 
15 
10 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


H  ^ 


i:  s=  c   2"= 


Record  of  hatchiiii; 

Number  of  days  reckoning  from  the 
date  of  laying 


9 


10 


11 


rt  &c  u      o  v:  o 


29  ______  412  5  —  — 

GO  —    —    —    —    —    —  3  38  6  —  — 

08  —    —    —    —    —    —  2  48  15  1  — 

71  _______  24  18  10  — 

84  —    —     —    —    —     —  —  50  13  9  — 

I  120  —    —    —    —    —    —  4  52  45  13  — 

01-    —    —    —    —    —  —  20  20-  — 

71  _______  21  40  5  — 

02  —    —    —    —    —    —  —  24  24  12  — 

00  —    —    —    —    —    —  —  34  18  0  — 

42  —    —    —    —    —    —  2  29  8  1  — 

j  115  —    —     —     —  .  —     —  9  08  29  5  — 

64  —    —     —     —     —     —  —  15  30  10  — 

57  —    —    —    —    —    —  —  14  32  4  1 

02  —    —    —    —    —    —  —  20  32  2  1 

57  —    —    —    —    —    —  —  13  10  22  1 

I  No  record 

50  —    —    —    —     —     —  140  7  —  — 

48  —    —    —    —    —     -  —  30  10  1  — 

43  —    —    —    —     —     —  —  24  13  —  — 

43  —    —    —    —    —    —  1  25  13  —  — 

40  —    —    —    —    —    —  —  27  7  —  — 

I    56  —    —    —    —    —    —  0  45  4  —  — 

35  —    _____  4  29  —  —  — 

1398  30  714  423  107  3 


72  % 
78% 
—  66  94  % 
82  % 
93  "„ 


21 

47 
66 
58 

78 


114 

52 
00 
00 
58 
40 

111 

01 
51 
55 
52 


«5  % 

85% 
93  % 
97% 
97  % 
95% 

97  % 

95% 

89  o 
o^  /o 

89  "' 
91  " 

■"^     /O 


48 

96  % 

47 

98% 

37 

8(5  "o 

39 

91  % 

34 

85  "o 

55 

98  " 

.JO   (^ 

33 

94  ^ 

1 283 

09  o 

Suniniarv 


3  °o  hatched  on  the  7th  day 


56% 

8  " 
°  ,o 

0-2  0/ 


8th 

9th 

10th 

11th 
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Bi(H(( units  of  Pcdi cuius 


TABLE   X.     Fertility  of  Pediculus  capit 

Insects  in  the  second  larval  skin  were  taken  from  a  stock  })ox  and  reared  until  maturity  in  separate    bo.\ 
Opportunity  for  feeding  was  given  each  night  (approximately  7  hours).     Owing  to  the  early  death  of  the 
indicated  by  the  figures  1,  2,  3,  4  in  the  first  column,     o  N^o-  1  matured  on  the  5th  January  and  died  on 
on  the  25th  January  and  died  on  the  9th  February,  life  15  days.     The  last  ^  No.  4  matured  on  the  9th  Febru; 
capacity  of  an  inifertilizod  2.     Eggs  hiid  before  the  introduction  of  a  o  are  italicised.     The  boxes  contain 


Refer-  Refer- 
ence ence 

number  number 
of  J'  of  ? 

Xo.  2  1 

No.  1        2 
Xo.  1        3 

Xo.  2        4 


Days  counting  from  the  maturity  of  the  ?  to  that  on  which  the  i 


Date 
when  ? 
matured 


4.  I.    ]() 

5.  I.   1<) 
9.  I.  10 


Xo. 

2 

5 

If). 

I. 

10 

Xo. 

3 

6 

27. 

I. 

10 

Xo. 

3 

7 

31. 

I. 

10 

Xo. 

3 

8 

5. 

II. 

10 

Xo. 

3 

9 

8. 

II. 

10 

X(K 

4 

10 

8. 

II. 

10 

Xr.. 

4 

]] 

11. 

IT. 

10 

Xo. 

4 

12 

J2. 

11. 

10 

Xo. 

4 

13 

13. 

II 

1() 

Xo. 

4 

14 

Ifi. 

II. 

16 

Xo. 

4 

15 

Hi. 

II. 

10 

Xo. 

4 

\i\ 

19. 

II. 

10 

Xo. 

4 

17 

19. 

II. 

10 

Xo. 

4 

IS 

23. 

II. 

10 

Xfi. 

4 

19 

20. 

II. 

10 

Xo. 

4 

20 

1. 

Ilf. 

10 

No. 

4 

7 

No. 

4 

9 



Xo. 

4 

19 

Date  when                                Date  of          " "^  ^ 

tliec?was       Copulation  removal        ^'^'-      -      -     ^     ^      '-.c:535'555555 

added  observed  of  the  S        .:S,S^5ioSSS2;=^^^;2;25^2 

17.  I.  10  —  —          -     1     2     3     2     5     2     4     2    S     2     2     4     2     4:     \     \     - 

«).  I.  10  —  9.  I.  10     -    -     2     3     3     2     0     3     2     0     4     2     5     5     8     1     3     7 

9.  I.  10  —  died  12.  i.  10     -     2     2     5     0     3     5     5     5     7     4     1     4     3     0     1     4     7 

13.  I.  1()      13.  I.  10  —  10.  I.  10     -     -     3     2     3     3     4     2     3     4     5     2     3     8     7     4    -     1 

10.  I.  10  —  died  17.  i.  10     -     -     3     1     5     2     5     2     5     2     -------    - 

27.  I.  16  —  31.  I.  16     -    -     2     3     3     5     7     5     4     0     7     4     4     0     3     6     -     1 

31.  I.  16  —  5.  II.  16     -     3     3     4     4     5     0     3     5     5     8     3     -     2     4     8     8     7 

5.  II.  16  —  8.  II.  16     -     3     4     5     4     0     4     2     9     4     8     5     4     7     7     8     7     7 

8.  II.  16  —     died  9.  ii.  10     -     1     (>     4     2     7     2     0     5     4     4    4     5     0     4     3     4     5 

10.11.16  —  11.11.  16     -    -     3     3     3     4     4     4     4     4     7     2     4     5     4     3     5     3 

11.11.16  —  12.  II.  10     -     4     4     5     5     4     8     7     0     3     0     3     5     5     4     5     7     2 

f  12.  II.  1()  —  13.  II.  10  I 

_        _  ,^.        ,'-     -     1     1     2     3     4     4     2     4     5     3     4     3     -    -    -    - 

I  lo.  II.  16  10.  II.  10  j 

14.11.16  —  15.11.16     -    -     3     3     2     5     4     0     1     3     4     4     5     5     -     4     2     6 

16. 11.  16  —  18.  II.  16     -    -     3     3     2     5     4     4     5     3     3     6     7     3     4     0     0     2 

18.11.10  —  19.11.16     -     -?     3     7     13     0     3     7     3     5     17     4     5     3-5 

f  19.  II.  10  20.11.  10  21.11.  10) 

125.11.10  20.  II.  16J~ 

21.11.10  —  23.11.10     -    -    -     2     3     4     4     4     -     5     3     ()     5     3     2     7     16 

23.11.10  —  25.11.10     -     -     5     1     5     4     4     2     2     2     0     0     5     0     5    -     7     3 

20.11.10  —  1.  III.  10    -244-1     ------------ 

I.  III.  10  —  0.  III.  Hi     -      1      3     3     3     3     2     ()     5     2     3     ------    - 

0.  III.  10  7.  III.  10  H.  III.  1()    -----_-__________- 

8.  III.  Hi  —  !t.  m.  Ki     ---------_----___- 

9.  III.  Hi  —  (li<(l  10.  III.  Ifi    -------_---__-_-_- 


NoTi:.      'IMic  fi<.Mir('s  in  heavy  type  iiulicalc  thai   llicsc  egg.><  wei'O  k(^])(   in  scpni 
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'iiiiciihu's  of  pcdring  and  cf/g  !<ii/iiif/. 

Ih>  ',^V  \^  <''■*'  l^t'pt   and   fed    in   fli(>   boxes   in    which    they   matured,   the    J  j    l»eiii;z    phiced    willi   them    in   rotation. 

lirst  tltree  attempts  \ver(>  of  (U)ul)tfiil  value  and  a  fourtli   was  initiated   with   better  sucrccKS.     TheHC  JJ  are 

ii.  life  7  days.     ,)"*  No.  2  matured  on  the  12th  January  and  died  on  the  24th.  life  12  days.     ,^  No,  3  matured 

\i\  died  on  the  iOUi  March,  life  'M)  days,      'j   No.  1  was  purj)osely  ke|)t  unpaiicd  for  12  days  to  test  the  e^g  laying 

ir  ,' ,  and  I'uus  were  carried  in  a  waistcoat  i)ocket  during  the  day,  at  night  they  were  against  the  bod  v. 

■  •  laid.    Tlie  number  of  eggs  laid  is  indicated  by  tlie  figure  below      Total 

1IMC<IC^         (M  W(MC-J  (MCOCO  MCO  CO  COC^CC  1'"'    T  lltllldl  Kh 


40  Died  on  the  17th  day. 

62  ,,         .,      22nd     ,, 


")-     2     (i    3333333------     109  Placed  with  another  J  on   the  :}2nd  day,  sec  entrieis  in 

Table  XII. 

fjfc    43532-----------       81  Placed  with  another  (^  on  the  2<Sth  day,  sec  entries  in 
'  Table  XII. 

-----------------       25  Died  on  the  11th  day. 

________--__--_--       6()  „         „       20th     „ 

,()    G     5     4     4     6     -     4     4     4     5     3     2     5     -     2     -     138  Placed  with  o  No.  4  on  the  .'JGth  day,  see  entries  below. 

i-4-45------------107  Died  on  the  26th  day. 

4     3     24-3-     7     --------     101  Placed  with  o  No.  4  on  the  30th  day,  sec  entries  below. 

6    -    4     6     5    -     -     6     3     -------     102  „  „  „        31st     „ 

344877-----------     120  Died  on  the  29th  day. 

----------------       36  Accidentally  killed  on  the  14th  day. 


3    43-516----------  82  Placed  with  another  o  on  the  28th  day  |    see    further 

,'7    4    3     2     3     ------------  85  ,,                 ,,                 „             26th    ,,     ,-     entries      in 

347333-----------  92  „                 „                 „             27th    ,,    j      Table  XII. 

_____________  ^  (  Died  on  15th  day,  presumably  malformed  as  she  developed 

I  no  eggs. 

2    6531------------  77  Died  on  the  25th  day. 

----------------  65  Accidentally  killed  on  the  20th  day. 


------       11         Died  on  the  14th  day. 

------       31         Died  on  the  12th  day.     A  stoppage  of  the  oviduct  was 

probably  responsible  for  the  death,  her  body  became 
excessively  swollen  with  eggs  which  she  did  not  lay. 

-----     3         3         Died  on  the  38th  day. 

3     1     2     3     -    -         9  „         „      36th     „ 

62----         8  „         „       34th     „ 


oxes  in  order  to  test  if  the  ??  still  retained  the  power  to  fertilize. 
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TABLE   XIV. 

FertiUly  of  rediculus  capitis.     Farhcidars  of  hatchimj  after 
ii  second  S  ivas  placed  icilli  the  ?$. 

I>ay.  count- 
ing from 

maturity  of  Days  counting  from  the  date 

Kefer-    the  ?.  when  on  wliich  the  second  c^                       Total 

ence      the  second  was  placed  with  tlie  ?                        eggs        Total          I'er- 

no.  of        S  was ^         laid       of  eggs     centage 

?         introduced  11th      12th      13tli      14th      15th      16th      per?      hatched      fertile             Remarks 

4  27th  !_____  4            1  25",,  died  31st  day 

8  :V2nd  \        —      —      —       —       —  3            1  33",,         ,.      34th     ,. 

13  28th  _       _       ____  13  nil          —           „      35th     „ 

14  05th  ______  18  nil          —           „     31st      ,, 

15  27th  —        I         _        1  3          1  25  ()  24 '\,         „     37th     „* 

*  Although  no  more  egg.s  hatehed  the  balanee  had  mostly  been  fertilized,  the  larvae 
developed  but  died  just  prior  to  hatching. 

TABLE   XY. 
Pediculus  capitis.     Summary  of  Tables  X^  XI L — XIV. 
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tlio  real  period  of  fertility  exceeded  that  calculated,  it  being  improbable 
that  there  would  be  no  failures  among  the  early  laid  eggH.  As  soon 
as  the  ??  ceased  to  lay  fertile  eggs  some  of  them  were  given  the  oppor- 
tunity of  a  second  pairing.  Particulars  of  the  egg  laying  subsequent 
to  the  introduction  of  a  second  ^  are  set  out  in  Table  II,  and  of  the 
hatching  of  the  eggs  in  Table  V.  It  will  be  seen  that  a  number  of  the 
5^^?  regained  fertiUty  after  a  second  pairing,  while  two  were  afforded  the 
option  of  a  third.  One  of  these  (No.  16)  apparently  missed  the  second 
opportunity,  but  availed  herself  of  the  third  and  laid  a  few  fertile  eggs ; 
the  other  (No.  18)  survived  long  enough  to  lay  a  few  more  eggs,  but  none 
of  them  hatched.     Details  are  given  in  Tables  III  and  VP. 

Although  the  ??  are  stated  to  have  no  receptaculum  seminis  it  will 
be  seen  that  they  are  able  to  lay  fertile  eggs  as  long  as  20  days  after 
the  removal  of  the  ^.  This  does  not  compare  so  unfavourably  with 
fleas,  in  which  the  receptaculum  is  well  developed.  The  ?  of  Pulex 
irritans  requires  to  pair  several  times  if  all  the  eggs  she  is  capable  of 
laying  are  to  be  fertiUzed. 

Table  VII  summarises  the  previous  ones. 

Table  VIII  shows  the  results  of  an  experiment  in  differential  feeding. 
Owing  to  the  escape  of  a  ?  from  Box  A,  it  was  necessary  to  remove  one 
from  Box  B,  and  to  discard  observations  made  prior  to  this  reduction 
in  numbers.  Consequently,  the  experiment  covers  the  later,  instead  of 
the  earher,  two-thirds  of  the  insects'  lives,  as  was  intended.  It  is 
probably  owing  to  this  that  there  is  a  marked  falhng  ofi  in  the  average 
number  of  eggs  laid  during  the  reversed  order  of  feeding,  when  the 
hce  in  Box  B  were  fed  twice  a  day  and  those  in  Box  A  only  once. 
Nevertheless,  the  result  shows  clearly  how  dependent  egg  laying  is  on 
food  supply — the  fertility  of  the  eggs  remaining  unaffected. 

Hatching  of  eggs.  Table  IX  shows  details  of  the  hatching  of  a  number 
of  eggs  laid  by  10  pairs  of  P.  humanus  from  the  date  of  their  maturity 
until  the  30th  day.  The  eggs  were  placed  in  an  incubator  at  a  constant 
temperature  of  31°  C,  the  air  being  kept  humid  by  a  pan  of  water  with 
sHps  of  filter  paper  dipping  into  the  water  and  hanging  over  the  side 
of  the  pans.  The  high  percentage  hatching  suggests  that  the  conditions 
were  not  unfavourable.  The  variabiUty  shown  in  hatching  may  have 
been  somewhat  enhanced  by  the  fact  that  the  time  of  examination 

^  It  is  of  course  obvious  that  the  percentage  of  eggs  hatching  in  these  Tables,  as  well 
as  those  in  the  parallel  series  for  P.  capitis  Tables  X  and  XII,  has  no  real  relation  to  the 
natural  fertility  of  the  eggs  in  the  correct  sense  of  the  term ;  the  figures  are  only  inserted 
as  a  convenience. 
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occasionally  varied  by  three  or  four  hours.  It  would  be  possible  for 
the  three  records  of  hatching  on  the  11th  day  to  be  due  to  an  earlier 
examination  than  usual  on  the  previous  day. 

Table  XI  gives  the  record  of  an  experiment  of  the  hatching  of  batches 
of  eggs  taken  from  a  stock  box  and  placed  under  varied  conditions. 
None  of  the  eggs  hatched  at  room  temperature,  15-6°  to  184°  C,  but 
a  few  lice  emerged  from  eggs  kept  at  24-5°  C. 

The  ^Yidely  distributed  dates  of  hatching,  in  some  instances  after 
a  long  interval  of  time,  of  these  eggs  is  in  marked  contrast  to  the 
uniformly  rapid  hatching  of  eggs  kept  at  36*1°  C.  and  reminds  us  of  the 
instance  recorded  by  Warburton  (1909),  although  the  period  of  delay 
is  far  shorter. 

Although  the  eggs  were  not  counted,  there  is  no  doubt  that  many 
died  when  maintained  at  24*5°  C. ;  the  batch  submitted  to  cool  con- 
ditions, 15-6°  to  18-4°  C,  was  smaller  than  the  one  placed  at  36*1°  C. 
but  the  number  must  have  been  upwards  of  100. 

Pediculus  capitis.  The  attempt  with  this  species  to  parallel  the 
series  of  breeding  experiments  carried  out  with  P.  humanus  were  less 
successful.  Possibly  the  former  constituted  a  chance  observation  that 
it  would  be  difficult  to  repeat  without  numerous  failures,  but  more 
probably  the  conditions  were  less  favourable  for  the  head  than  for 
the  body  louse.  There  is,  however,  probably  a  real  difference  in  the 
length  of  life  and  fecundity  of  the  two  insects  even  if  this  appears 
somewhat  exaggerated  in  the  protocol. 

From  Table  X  it  will  be  seen  that  four  (^(^  were  used  in  fertilizing 
the  series  of  20  ??,  the  first  three  (^c?  dying  early  in  their  career,  but  the 
fourth  fertilized  10  ?$  and  certainly  paired  once  at  least  with  a  malformed 
$  that  developed  no  eggs.  A  shortage  in  the  supply  of  virgin  $?  was 
responsible  for  the  fewer  opportunities  afforded  to  this  (?  than  to  the 
P.  humanus.  The  fact  that  the  c^(^  in  many  instances  were  left  longer 
with  the  ?$  than  the  one  day  which  was  usual  in  the  parallel  experi- 
ment with  P.  humanus  probably  accounts  for  there  being  no  failures  in 
fertilization.  Similarly  the  periods  during  which  the  $?  retain  the  power 
to  lay  fertile  eggs  may  have  been  understated  since  they  have  been 
reckoned  from  the  date  upon  which  the  male  was  removed. 

Table  XITI  shows  details  regarding  the  hatching  of  the  eggs  recorded 
in  Table  X.  Owing  to  the  earlier  loss  of  the  power  to  lay  fertile  eggs 
in  this  species,  the  period  is  less  clearly  defined  as  regards  its  upper 
limit  than  in  the  case  of  P.  humanus,  but  there  is  little  doubt  but  that 
it  is  really  shorter  by  about  one-third. 
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Tables  XII  and  XIV  sliow  the  distribution  in  time  of  e^^^  laying  and 
hatching  for  the  ??  of  the  series  wliicli  were  afforded  the  opportunity 
of  pairing  with  a  second  ^. 

Although  the  evidence  obtained  with  regard  to  /-*.  cajntis  is  not  so 
full  as  for  P.  humanus,  it  is  sufficient  to  show  that  the  habits  of  pairing, 
egg  laying  and  fertilization  are  similar  in  both  species. 

•Hybridization. 

An  attempt  was  made  to  hybridize  the  two  insects  with  a  view  to 
obtaining  evidence  bearing  upon  the  debated  question  of  their  right 
to  specific  rank.  It  was  found  that  when  single  pairs  were  confined 
in  the  same  box,  the  ^(^  of  capitis  and  ??  of  humanus,  or  vice  versa 
paired  freely.  In  half  the  attempts,  however,  the  $?  of  P.  capitis  were 
killed  in  the  act  of  pairing  or  died  within  a  day  or  two,  presumably 
as  the  result  of  renewed  attempts.  It  was  found  necessary,  if  any 
number  of  eggs  was  required,  to  remove  the  c^  P.  humanus  after  the 
pairing  had  been  consummated.  No  such  precaution  was  needed  in 
the  case  of  the  reverse  pairing,  and  although  some  of  the  ^^  of  P.  capitis 
used  died  early,  they  succeeded  in  fertihzing  the  eggs. 

A  noticeable  feature  of  the  pairing  between  P.  capitis  <$  and  P. 
humanus  $  was  the  disparity  of  the  sexes  in  the  F.  1  generation  of  some 
of  the  crosses.  The  first  trial  gave  71  ^^  (=74  %)  against  25  ?? 
(=  26  %),  three  specimens  being  killed  in  the  nymph  stage.  There 
was  considerable  mortality  in  the  egg  state,  which  possibly  accounted 
for  the  small  number  of  $?,  although  it  affords  no  satisfactory  explanation 
of  the  disparity  of  the  sexes.  No  deaths  were  observed  in  the  larval 
or  nymph  stage. 

Pairing  No.  2  of  this  cross  gave  130  c^c^  (=  86  %)  and  22  ??  (=  U  %), 
44  of  the  c^c^  had  matured  before  the  first  $$  developed. 
Pairing  No.  3  gave  51  <^<^  (=  51  %)  and  49  ??  (=  49  %). 
Pairing  No.  4  gave  76  ^^c^  (=  68  %)  and  35  ?$  (=  32  %). 

In  the  F.  2  and  F.  3  generations  arising  from  cross  pairing  No.  1 
the  number  of  <^<^  and  ??  appeared  normal  in  all  the  boxes  whether 
they  contained  single  pairs  or  the  eggs  resulting  from  a  number  of 
individuals  laid  in  a  stock  box.  A  considerable  number  of  specimens 
were  preserved  without  selection  and  an  examination  of  these  insects 
shows  the  following  result : 

F.  2  generation,  211  c^c^  (=  54  %)  and  181  ??  (=  46  %). 

F.  3  generation,  93  S<^  (=  46  %)  and  110  ??  (=  54  %)  also  80  nymphs. 
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With  the  F.  1  generation  of  reverse  cross,  P.  humanus  o  and  P.  capitis 
?,  the  disparity  was  not  so  obvious. 

The  first  trial  failed  owing  to  the  death  of  the  $  whilst  pairing. 

A  second  attempt  was  more  successful  and  about  50  eggs  were  laid, 
the  $  dying  on  the  17th  day. 

The  F.  1  generation  consisted  of  27  c^c^  (=  55  %)  and  22  ??  (=  45  %). 

In  the  third  trial  the  $  died  after  laying  one  egg. 

A  fourth  attempt  was  made;  tw^o  $$  of  P.  capitis  being  confined 
with  one  S  of  P-  humanus.  One  of  the  $?  died  within  a  day  or  two  and 
the  other  w^as  left  with  the  ^,  she  laid  about  30  eggs,  but  died  within 
10  or  12  days. 

The  F.  1  generation  from  this  pairing  consisted  of  17  c^c^  (=71  %) 
and  7  ??  (==  29  %). 

One  or  two  other  attempts  were  made  w^hich  resulted  in  the  death 
of  the  ??. 

Of  the  subsequent  generations  reared  from  the  F.  1  generation  of 
the  second  pairing,  a  large  number  of  specimens  were  reared  and  killed 
as  they  reached  maturity.  They  consist  of  a  portion,  not  the  whole, 
of  the  offspring  of  two  single  pairings  and  a  number  of  pairs  left  together 
in  a  stock  box. 

The  specimens  of  the  F.  2  generation  are 

143  S^  (=  57  %),  109  $?  (=  43  %)  and  6  nymphs. 
The  specimens  present  of  the  F.  3  generation  are 
63  36  (=  50  %),  64  ??  (-  50  %). 

In  size  the  specimens  of  the  F.  1  and  F.  2  generations  of  both  crosses 
are  generally  intermediate  between  those  of  P.  humanus  and  P.  capitis, 
but  in  the  F.  3  generation  considerable  disparity  was  noticeable — some 
very  large  ^^  and  some  very  small  $?  being  observed. 

In  the  F.  2  generation,  observations  were  made  in  regard  to  the  egg 
laying  habit,  both  hair  (human)  and  cloth  having  been  placed  in  boxes 
with  a  few  selected  pairs  of  hybrids  of  the  F.  2  generation  of  the  cross 
P.  capitis  6  and  P.  humayius  $.  I  noticed  that  the  $$  laid  on  hair  for 
choice,  only  a  few  eggs  being  attached  to  the  cloth,  but  the  lice  showed 
the  instinct  to  cluster  their  eggs,  a  few  only  being  generally  scattered 
along  the  hairs  as  is  the  case  with  eggs  of  P.  capitis^. 

■  The  F.  1  generation  of  thiH  cross,  resulting  from  a  later  pairing,  show  a  marked 
preference  for  laying  on  cloth;  out  of  four  pairings  thr(Hi  [^>2  laid  their  eggs  on  cloth, 
wliile  one  selectwl  hair  and  laid  nearly  all  her  eggs  uj)on  it.  Unfortunately  I  was  too 
husy  U)  note  tlie  egg  laying  liahit  oi  the  1\  1  generation  of  the  earlier  pairing. 
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The  $?  of  the  F.  2  generation  of  the  cross,  P.  humanus  ^  and  P. 
capitis  ?,  laid  their  eggs  on  both  cloth  and  hair,  but  they  showed  a 
preference  for  laying  on  hair ;  clustering  was  not  so  noticeable  a  feature 
as  in  the  case  of  the  $?  of  the  reverse  cross. 

An  examination  of  the  eggs  laid  by  these  hybrids  showed  that  on 
the  whole  they  were  clearly  intermediate  in  size  between  those  of  the 
species.  The  eggs  are,  however,  variable  in  size,  both  as  regards  those 
of  the  species  and  those  of  the  hybrids,  so  that  it  was  easy  to  match 
eggs  of  either  capitis  or  humanus  from  the  hybrid  batch. 

No  signs  of  unhealthiness,  mortality  in  moulting  or  shortening  of 
life  in  the  hybrid  insects  was  observed ;  the  usual  life  was  30  to  40  days. 
One  pair  of  the  F.  1  generation  of  the  P.  capitis  <^  and  P.  humanus  ?  cross 
lived  45  days  and  their  fecundity  appeared  to  be  on  a  par  with  that  of 
P.  humanus.  They  throve  just  as  w^ell  under  the  artificial  conditions 
of  rearing  as  did  this  species.  Although  P.  capitis  can  be  successfully 
reared  in  the  boxes,  the  colonies  do  not  show  the  same  rapid  and  vigorous 
growth. 

There  was  no  noticeable  increase  of  mortahty  in  the  eggs  laid  by  the 
hybrid  insects. 

No  attempts  were  made  to  carry  the  hybrid  races  beyond  the  F.  3 
generation ;  they  were  then  in  all  respects  healthy  and  fertile,  probably 
they  could  be  continued  indefinitely.  The  variabihty  in  size  referred 
to  above  may,  however,  have  been  the  beginning  of  a  segregating 
process  which  would  eventually  result  in  the  hybrid  races  being  forced 
back  to  the  specific  norm. 

Summary. 

General  comparative  note  on  the  two  species. 

Pediculus  humanus  (vestimenti)  is  a  larger,  more  robust  and  less 
active  insect  than  P.  capitis, — the  $$  having  a  relatively  greater  egg- 
carrying  capacity  than  those  of  the  head  louse.  The  eggs  are  larger 
and  the  number  laid  (under  the  conditions  of  these  experiments)  is 
greater,  while  the  habits  associated  with  egg  laying  differ,  although 
placing  the  9$  of  humanus  under  conditions  applicable  to  capitis  or 
vice  versa  may  induce  a  considerable  degree  of  uniformity.  Cross 
pairings  between  the  insects  are  easily  brought  about  and  the  offspring 
are  fertile  inter  se.  Hybrid  strains  were  maintained  until  the  F.  3 
generation  and  there  seemed  no  reason,  judging  from  breeding  results, 
why  such  strains  should  not  be  continued  indefinitely.     Nevertheless 
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the  marked  disparity  in  the  sexes  of  the  F.  1  generation  of  some  of  the 
crosses  between  P.  capitis  ^  and  P.  humanus  ?  suggests  that  the  parents 
are  specifically  distinct. 

No  such  obvious  disparity  occurred  between  the  sexes  of  the  F.  2  and 
F.  3  hybrid  generation,  or  of  either  of  the  pure  stocks^. 

Habits.  The  body  louse  exhibits  some  of  the  habits  of  a  gregarious 
animal  especially  during  the  moulting  phases,  also  a  preference  for 
returning  to  the  same  spot  for  oviposition,  which  leads  to  the  clustering 
of  its  eggs.  These  habits  are  shown,  though  in  a  less  marked  degree, 
by  P.  capitis,  and  it  is  possible  therefore  that  they  are  to  some  extent 
the  outcome  of  confinement.  Pairing  within  both  species  took  place 
at  any  time  during  day  or  night,  and  was  very  frequently  observed 
after  feeding,  c^c?  with  but  little  food  in  their  ahmentary  tract  were, 
however,  often  seen  in  coitus.  The  period  during  which  the  insects 
remained  paired  was  frequently  observed  to  be  over  an  hour,  but  no 
upper  Umit  was  defined. 

A  c^  of  P.  humanus  fertihzed  18  out  of  21  $$  placed  with  him  in 
succession.  Four  attempts  with  P.  capitis  were  less  successful;  one  (^ 
fertiUzed  ten  ??  and  very  possibly  might  have  equalled  the  P.  humanus 
record  but  for  a  scarcity  of  virgin  $$  while  the  experiment  was  in  progress. 
The  longest  period  during  which  a  ?  of  P.  humanus  retained  the  power 
to  lay  fertile  eggs  in  the  absence  of  a  (^  was  20  days,  usually  it  would 
seem  to  be  from  16  to  18  days.  In  the  case  of  P.  capitis  the  period  was 
shorter;  12  days  being  the  longest  ascertained  period,  while  it  was 
more  usually  from  seven  to  eleven  days. 

The  greatest  number  of  eggs  laid  by  any  one  $  of  P.  humanus  was 
295,  an  average  of  6-4  per  day — the  daily  average  of  a  number  of  $$ 
being  5-1.  P.  capitis  $?  showed  a  lower  fecundity,  the  highest  record 
being  141  with  a  daily  average  of  4 — the  general  average  being  3-7. 
These  figures  are  probably  exceeded  under  natural  conditions.  An 
experiment  in  differential  feeding  with  P.  humanus  (Table  VIII)  shows 
clearly  that  fecundity  is  dependent  on  feeding.  When  extra  feeding 
time  over  and  above  seven  hours  per  day  was  given  the  average  for 
four  $$  was  ei^ht  per  day.  It  is  reasonable  to  suppose  that  the  average 
for  P.  capitis  would  also  be  increased  by  unrestricted  feeding. 

^  iSinoo  tho  a})ove  went  to  [)r(!,ss  I  have  roared  two  broods  of  1*.  humanus  from  crosses 
between  pale  and  dark  forms  of  tliis  species  with  a  view  to  discovering  if  the  melanic 
race  shows  Mondelian  inheritance.  In  the  case  of  a  pairing  between  a  pale  (J  and 
a  dark  9  th(;re  resultcfl  15 (J(^  and  54  9?,  while  from  tlu^  r(!V(Tse  cross  102  (J(J  and  only 
lo99  wore  bred.  This  result  (jualifics  the  abov(;  suggestion  and  necessitates  further 
breeding  experiments  which  are  now  hi  progress.     (See  p.  259,  paper  by  Hindle.) 
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The  fertility  of  llio  c<r^H  hiid  was  not  afTectoxi  by  incroasod  feeding. 
The  greatest  number  of  fertilized  eggs  laid  by  a  ?  P.  humanus  after  the 
removal  of  the  <^  was  115  ($  No.  9),  with  a  9  showing  a  higher  daily  laying 
average  this  might  well  be  exceeded.  With  P.  capitis  the  parallel  figure 
is  70  ($  No.  9).  The  $9  of  both  species,  after  arriving  at  maturity, 
started  oviposition  irrespective  of  their  having  paired  or  not,  but  eggs 
laid  by  virgin  99  were  invariably  infertile. 

Len/jfh  of  life.  The  life  of  the  ^  P.  humanus  used  in  the  experiment 
recorded  in  Table  I  was  32  days ;  the  longest  9  lif^  was  46  days,  with 
an  average  of  34.  For  P.  capitis  the  figures  were:  ^  life  30  days; 
9  life  38  days,  with  an  average  of  27  days.  Whether  or  not  the  average 
lives  of  the  insects  would  be  extended  by  unrestricted  feeding  is  an 
open  question. 

The  hfe  of  the  hybrid  insects  was  not  noticeably  shorter  than  that 
usual  for  P.  humanus,  and  they  seemed  to  thrive  better  than  P.  capitis. 

Tests  made  w^ith  unfed  P.  humanus  showed  that  the  longest  lives 
were  at  a  medium  temperature  of  16°  to  18°  C,  many  of  the  insects 
living  from  three  to  four  days,  while  two  lived  five  and  one  Uved  seven 
days.  At  24-5°  C.  all  died  within  five  days.  At  36' 1°  C.  all  died  within 
three  days. 

Newly-hatched  larvae,  unless  fed,  lived  less  than  24  hours  at  36*1°  C, 
and  when  kept  in  a  box  in  the  vest  pocket  they  lived  but  little  more 
than  a  day ;    none  survived  a  second  day. 

Adults  kept  in  a  box  in  the  side  pocket  of  a  coat  lived  five  days 
w^ithout  food ;    this  was  in  March. 

Moulting.  40  young  lice  were  reared  in  a  box  carried  in  a  vest 
pocket  and  particulars  of  their  moulting  recorded. 

1  st  moult :  3  %  moulted  on  the  3rd  day ;  42  %  on  the  4th  and 
55  %  on  the  5th  day. 

2nd  moult:  15  %  moulted  on  the  7th  day;  72  %  on  the  8th  and 
13  %  on  the  9th  day. 

3rd  moult:  5  %  moulted  on  the  10th  day;  3  %  on  the  llth,  55  % 
on  the  12th,  32  %  on  the  13th  day,  while  5  %  took  14  days  to  reach 
maturity. 

The  ^(^  usually  mature  rather  earlier  than  the  99- 

Cold.  Active  specimens  of  P.  humanus  survived  two  days  at  a 
temperature  of  —  2-3°  C.  to  —  1-1°  C,  but  none  recovered  after  exposure 
to  these  conditions  for  a  week. 

Hatching  of  eggs.  Table  IX  shows  that  under  humid  conditions 
at  31°  C.  3  %  of  the  1300  eggs  tested  hatched  on  the  7th  day ;  56  %  on 
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the  8th ;  33  %  on  the  9th ;  8  %  on  the  10th  and  -2  %  later  on  the  same 
day  or  on  the  11th. 

A  test  of  batches  of  eggs  taken  from  a  stock  box,  some  of  which 
must  have  been  laid  several  days  previously,  showed  that  none  hatched 
at  15-6°-18-4°  C,  while  at  24-5°  C.  there  was  considerable  egg  mortaUty, 
and  the  hatching  period  was  spread  over  a  longer  period  than  usual, 
though  not  to  the  extent  mentioned  by  Warburton  (1909);  at  36*1°  C. 
hatching  was  spread  over  five  days  and  the  mortality  was  not  excessive. 

To  give  some  idea  of  the  possible  rate  of  multiplication  of  P.  humanus 
we  may  estimate  the  egg  period  as  12  days  and  a  further  12  days  to 
the  maturity  of  the  ??.  Allowing  an  average  of  eight  eggs  per  day, 
spread  over  a  fertihty  period  of  40  days,  we  find  that,  during  her  fife, 
a  single  $  may  have  4160  offspring. 
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The    Louse    Problem. 
By  A.  W.  Bacot.^ 

Of  the  three  kinds  of  Anoplura  parasitic  upon  man  only  one, 
Pediculus  humanus  (the  clothes  louse),  is  of  sufficient  importance  as  a 
disease  transmitter  to  cause  serious  anxiety  on  the  part  of  military 
authorities  for  its  control.  Phthirius  pubis  (the  crab  louse),  a  small, 
readily  distinguished  insect  of  very  specialized  form  is  restricted  to 
limited  hair-clad  areas  of  the  body.  It  is  disreputable  rather  than 
dangerous. 

Pediculus  capitis  (the  head  louse)  is  so  closely  rela,ted  to  the  body 
louse  that  it  is  only  grudgingly,  if  at  all,  allowed  specific  rank  apart 
from  the  latter.  Many  authorities  are  disposed  to  treat  the  two  insects 
as  more  or  less  stable  races,  separated  by  structural  details  of  minor 
importance.  The  divergence  of  habits  between  Pediculus  capitis  and 
Pediculus  huvianus  in  relation  to  their  host  would  seem,  however,  to 
create  a  position  which  justifies  distinctive  nomenclature,  as  well  as 
separate  consideration  from  the  practical  point  of  view. 

In  popular  estimation  the  presence  of  any  of  these  three  insects 
affords  proof  of  personal  uncleanliness,  lice  being  still  very  generally 
conceived  of  as  breeding  in,  if  they  do  not  actually  feed  on, 
dirt.  The  association  with  dirt  is  really  adventitious,  arising  from  the 
fact   that   the  personal   neglect,  either  enforced  or  voluntary,  which  is 
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essential  for  any  permanence  of  the  infection,  is  almost  invariably 
accompanied  by  a  lack  of  soap,  water,  and  clean  garments,  whereas  it 
would  of  course  be  an  easy  matter  to  free  oneself  from  lice  and  yet 
avoid  washing. 

As  regards  food  the  extreme  specialization  of  mouth  parts  restricts 
all  three  insects  to  an  exclusive  diet  of  blood,  obtained  under  what  are 
probably  sterile  conditions,  so  far  as  any  matter  extraneous  to  fluids 
circulating  within  the  body  is  concerned. 

With  Phthirius  pubis  I  do  not  propose  to  deal  and  with  Pediculus 
capitis  only  in  so  far  as  its  distinctive  identity  from  Pediculus  humaims 
is  concerned. 

Immature  Period. 

Lice  belong  to  the  group  of  insects  having  an  incomplete  meta- 
morphosis. Between  the  larval,  nymph  and  adult  stage  there  is  no 
break  in  general  resemblance,  mode  of  life  or  method  of  feeding.  The 
only  distinguishing  points  of  any  practical  importance  between  imma- 
ture and  adult  insects  is  the  smaller  size  and  consequent  ease  of 
hiding  of  the  young,  together  with  their  ability,  during  the  moulting 
phases,  to  resist  the  action  of  heat  and  insecticides  for  a  somewhat 
longer  period.  As  a  set-off  to  these  disadvantages,  from  their  host's 
point  of  view,  we  have  only  the  fact  that  they  extract  less  blood. 

Between  the  period  of  emergence  from  the  egg  and  maturity,  both 
Pediculus  capitis  and  Pediculus  humanus  shed  their  skms  thrice  ;  the 
time  occupied  differs  in  relation  to  food  supply,  temperature  and  innate 
variability  under  reasonably  favourable  conditions  ;  twelve  days  may  be 
accepted  as  a  fair  average.  The  record  of  forty  larvae  which  emerged  on 
the  same  day,  were  kept  in  a  box  in  a  vest  pocket  and  afforded  oppor- 
tunities of  feeding  during  seven  out  of  each  twenty-four  hours,  will  give 
a  fair  idea  of  their  constitutional  variability. 

FiBST  Moult.  Second  Moult.  Third  ^Ioult. 

.3  per  cent,  on  third  day.  15  per  ccut.  on  scventli  day.  5  per  cent,  ou  tenth  day. 

■12  per  cent,  on  fourth  day.         72  per  cent,  on  eightli  day.  3  per  cent,  on  eleventh  day. 

55  per  cent,  on  fifth  day.  13  per  cent,  on  ninth  day.  55  per  cent,  on  twelfth  day. 

j  32  per  ccut.  on  thirteenth  day. 

I      5  per  cent  on  fourteenth  day. 

Pairing. 

Pairing  takes  place  at  any  time.  Tt  was  frccjuently  observed  when 
the  insects  were  examined  after  feeding,  but  the  males  on  these 
occasions  had  sometimes  little  if  any  food  in  the  alimentary  canal.     The 
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period  during  which  the  insects  remain  together  is  generally  consider- 
able, many  occasions  of  over  an  hour  were  observed.  This  is  probably 
by  no  means  the  limit,  but  failing  prolonged  watching  one  cannot  be 
certain  that  tlie  union  is  a  prolongation  and  not  a  repetition.  As 
happens  with  the  fleas,  the  njale  underlies  the  female,  a  position  which 
renders  it  possible  for  both  sexes  to  feed  during  the  act  of  fertilization. 
The  males  apparently  require  some  hours'  interval  between  the  final 
ecdysis  and  the  act  of  coitus,  but  females,  still  quite  soft  and  not  fully 
expanded  after  their  recent  change  from  nymph  to  adult,  are  often  seen 
paired. 

Egg  Laying. 

Food  and  temperature  are  the  governing  conditions  in  egg  pro- 
duction. Feeding  is  essential,  but  laying  may  commence  as  early  as 
the  second  or  third  day  of  adult  life  ;  by  which  time  the  female  may 
have  partaken  of  several  meals  and,  apart,  from  very  exceptional 
circumstances,  will  have  been  fertilized.  Virgin  females,  however, 
lay  quite  as  freely  as  impregnated  ones,  only  their  eggs  do  not  hatch. 

Temperature  approximating  to  that  between  the  outer  garments  and 
the  body  is  essential  (75°  F.  to  93"  F.).  Sikora  points  out  that  it  is 
probable  that  when  day  garments  are  removed  and  exposed  to  cool  air 
(below  60°  F.)  at  night,  egg  development  will  be  stopped,  although 
feeding  may  take  place  by  day. 

There  is  a  cleavage  in  habits  between  the  head  and  clothes  louse  in 
regard  to  the  instinct  and  method  of  oviposition.  Under  normal  con- 
ditions Pediculus  capitis  lays  its  eggs  on  hair,  Pediculus  liumanus  on 
textile  material.  In  captivity  either  species  can  be  induced  to  lay  on 
hair  or  woven  fabric  if  these  conditions  are  properly  adjusted.  Tests  in 
boxes  lined  with  flannel  and  containing  a  small  quantity  of  human  hair 
resulted  in  the  female  of  Pediculus  capitis  laying  80  per  cent,  on  the 
hair  and  20  per  cent,  on  the  flannel,  while  those  of  Pediculus  liumanus 
laid  20  per  cent,  on  the  hair  and  80  per  cent,  on  the  flannel. 

Individuals  of  both  species  were  then  reared  from  these  eggs,  which 
had  been  carefully  segregated  so  that  the  following  four  lots  of  adults 
were  obtained  :  Pediculus  liumanus  reared  from  the  eggs  laid  on  hair  ; 
a  second  lot  reared  from  the  eggs  laid  on  the  flannel,  and  two  batches  of 
Pediculus  capitis,  one  reared  from  the  eggs  laid  on  hair  and  the  other 
from  those  laid  on  the  flannel.  Twelve  males  and  twelve  females  of 
each  of  these  four  lots  were  placed  in  similar  boxes,  lined  with  flannel 
and  containing  a  quantity  of  human  hair,  great  care  having  been  taken 
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to  get  the  quantity  and  arrangement  of  the  hair  similar  in  each  box. 
The  boxes  were  kept  under  the  same  conditions  and  the  feeding  periods 
and  arrangements  were  as  nearly  as  possible  identical.  After  five  days 
the  eggs  were  counted  and  their  position  recorded  with  the  following 
results : — 

Egg-laying   Instincts  of  Pediculus  capitis  and  Pediculus  humanus. 
Pedicidus  huvianus  bred  from  Eggs  laid  on  Hair.     12  and  12. 

/   On  hair         ...             ...  ...             ...  38  =  11  per  cent. 

o(.„            'I    On  gauze  cover  of  box  ...             ...  1 

359  eggs  -.    On  flannel,  side  next  box  37  =  10        „        ,        • 

V  On  flannel,  exposed  side  ...             ...  283  =  79        ,, 

Eggs  laid  on  hairs  only  when  these  came  into  contact  with  the  flannel. 


This  result  confirms  the  previous  one  as  to  the  distinctiveness  of  the 
ovipositing  instinct  and  clears  away  any  doubt  as  to  the  possibility  of 
the  females  being  heterzygotes  of  the  same  species.  The  less  fixed 
character  of  the  instinct  exhibited  in  the  first  trial  being  probably  due 
to  the  individuals  of  Pediculus  capitis  being  taken  from  a  stock  box  lined 
with  flannel,  the  central  space  of  which  consisted  of  a  matted  mass  of 
hair,  while  in  the  case  of  Pediculus  humanus  the  box  was  filled  with  a 
roll  of  flannel  :  under  these  circumstances  it  is  not  improbable  that  the 
instincts  became  dulled,  and  casual  action  resulted.  Some  care  is  neces- 
sary in  arranging  the  boxes  ;  these  must  not  be  too  small  and  the  amount 
of  hair  and  its  arrangement  must  not  be  such  as  to  cause  a  mat  of  inter- 
lacing hairs  at  any  one  point,  more  especially  near  the  top  or  bottom  of 
the  box.  A  previous  experiment  which  1  performed  largely  failed  owing 
to  a  want  of  discretion  on  these  points  ;  the  lice  used  were  taken  from  the 


Pedicidus  huvianus  bred  from  Eggs  laid  on  Flannel.     12  and  12. 

{   On  gauze  cover  of  box  ...  ...  4     =       1  per  cent. 

344  eggs   \    On  flannel,  side  next  box         ...  ...  55     =     16        ,, 

(   On  flannel,  exposed  side  ...  ..  285     -      83        ,, 

Pediculus  capitis  bred  from  Eggs  laid  on  Hair.     12  and  12. 

i  On  gauze  cover  of  box  ...  ...  1 

274  eggs   -^    On  flannel,  exposed  side  ...  ...  14     =       5  per  cent. 

(  On  hair  ...  ...  ...  ...  259     =     95 

11 

Pediculus  capitis  bred  from  Eggs  laid  on  Flannel.     12  and  12.  ^1 

/    On  gauze  cover  of  box  ..,  ...  4  =       1  per  cent. 

.,,^^                 On  flannel    ...             ...  ...  ...  2  =       J 

34U  eggs   J    On  hairs  Close  to  flannel  ...  ...  2  -       i 

On  hair         ...             ...  ...  ...  332  =  98 
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same  crowded  stock  boxes  as  the  parents  of  those  used  in  the  second  trial. 
The  females  of  Pedicidus  humanus  laid  5(3  per  cent,  of  their  eggs  on  the 
hair  and  only  44  per  cent,  on  the  flannel,  while  those  of  Pedicidus 
capitis  laid  92  per  cent,  on  the  hair  and  8  per  cent,  on  the  flannel. 
In  another  experiment  the  attachment  of  the  eggs  was  carefully 
studied  ;  as  a  result  it  appeared  that  the  method  of  attachment 
varied,  females  of  the  head  louse  endeavouring  to  cement  the  eggs 
to  a  single  hair  in  regular  alignment  with  its  direction,  while  those 
of  the  clothes  louse  attached  the  greater  proportion  of  their  eggs  to 
two  or  more  hairs,  for  preference  choosing  those  which  crossed  at 
an  angle. 

Fecundity. 

With  entirely  unrestricted  feeding  I  am  told  that  an  egg  production 
of  ten  per  day  is  possible  for  females  of  Pedicidus  humanus.  During 
my  own  trials  in  which  the  opportunities  for  feeding  averaged  about 
seven  hours  per  day,-  the  greatest  number  of  eggs  laid  by  any  one 
female  was  295 — an  average  of  6*4  eggs  per  day  during  her  adult  life. 
For  limited  periods  this  average  has  often  been  exceeded,  in  some 
instances  eleven,  twelve  or  fourteen  eggs  have  been  recorded  in  a 
single  day.  It  is  possible  that  these  figures  would  be  continued  day  by 
day  under  natural  conditions.  An  experiment  in  which  a  number  of 
females  of  Pedicidus  humanus  were  given  the  opportunity  of  feeding 
for  two  hours  daily  in  addition  to  the  seven  each  night,  showed  unmis- 
takably that  additional  feeding  raised  the  daily  average,  while  the 
fertility  percentage  was  not  affected. 

The  fecundity  of  Pedicidus  capitis,  judging  by  the  number  of  eggs 
laid  in  captivity,  would  seem  to  be  generally  of  a  lower  order  than 
that  of  Pediculus  humanus.  The  highest  average  was  only  four  per 
day,  with  a  total  of  141,  but  this  was  easily  bettered  by  females 
fed  twice  daily,  in  later  tests,  when  the  stock  from  which  the  insects 
were  drawn  had  been  living  in  captivity  for  a  year,  so  that  we  may  very 
reasonably  consider  that  the  average  is  higher  under  natural  conditions, 
but  even  the  later  trials  suggest  that  the  ratio  is  lower  for  the  head  than 
for  the  clothes  louse.  , 

Fertility. 

Kenewed  pairing  at  intervals  of  not  more  than  twenty  days  is 
essential  to  the  fertility  of  the  eggs  laid  by  females  of  Pediculus 
humanus ;    this    is    the    ascertained    limit.       The    more    usual    period 


6  Bacot  :    The  Louse  Problem 

would  seem  to  be  iu  the  neighbourhood  of  fifteen  to  seventeen  days. 
With  Pedicidus  capitis  the  period  was  generally  seven  to  ten  days,  at 
longest,  not  more  than  twelve. 

A  single  male  of  Pedicidus  humanus  effectually  impregnated 
eighteen  out  of  twenty-one  females,  while  a  male  of  Pediculus  capitis 
fertilized  ten — this  smaller  number  was  due  to  the  lack  of  oppor- 
tunities during  his  period  of  greatest  vigour,  rather  than  to  any  want 
of  vitality— the  supply  of  virgin  females  having  temporarily  failed. 

Length  of  Life. 

Speaking  generally,  the  full  adult  life  of  Pedicidus  humanus  was 
about  five  weeks ;  that  of  Pedicidus  capitis  under  similar  circumstances 

only  four. 

The  longest  recorded  life  of  an  adult  male  Pedicidus  humanus  was 
thirty-two  days,  and  that  of  a  female  forty- six.  The  average  of  a 
number  of  females  was  thirty-four  days. 

Of  the  head  louse  all  my  records  are  shorter  :  one  male  lived  thirty 
days  and  a  female  thirty-eight  days,  but  the  average  adult  life  of  a 
number  of  females  was  only  twenty-seven  days. 

The  length  of  life  of  unfed  lice  depends  to  a  large  degree  upon 
temperature  and  humidity.  At  a  medium  temperature  such  as  60°  to 
to  65°  F.  the  majority  of  vigorous  adult  lice  live  three  or  four  days,  a  few 
survived  five,  and  a  single  specimen  seven  days.  I  was  informed  at 
one  of  the  infirmaries  that  their  tests  had  shown  a  possibility  of  nine 
days'  survival.  As  this  period  agrees  with  the  limit  mentioned  by  both 
Sikora  and  Peacock  we  may  conclude  that  it  is  correct. 

At  higher  temperatures  the  survival  period  without  food  is  shorter ; 
at  76°  F.  all  the  lice  experimented  with  died  within  five  days,  and  at 
97°  F.  within  three  days.  Larvae  just  emerged  from  the  egg,  unless 
fed,  lived  less  than  twenty-four  hours  at  98°  F.,  and  when  kept  in  a  box 
in  the  waistcoat  pocket  the  majority  lived  but  little  more  than  a  day 
without  food.  None  survived  a  second  period  of  twenty-four  hours. 
Cold  conditions  seemed  only  less  fatal  than  the  hot.  When  kept  at 
a  temperature  ranging  from  28°  F.  to  30°  F.  vigorous  adults  all 
survived  two  days  and,  though  a  few  showed  signs  of  life  after  four 
days,  they  died  without  feeding.  None  of  the  active  lice  survived 
a  week  in  the  cold  room. 

So  far  as  my  experience  goes  nymphs  and  larvae,  when  about  to 
moult,  usually  show  a  slightly  longer   survival   i)o,rio(l   than   adults. 
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Habits. 

When  feeding,  lice  are  as  wasteful  as  fleas,  without  the  excuse  of 
the  latter  that  faeces  consisting  of  only  partially  digested  blood  afford 
nutriment  [for  their  young.  In  comparison  with  the  bed-bug  the 
digestion  of  lice  appears  extremely  superficial,  and  there  seems  to  have 
been  but  little  development  in  the  direction  of  the  storage  of  a 
i-eserve  supply  of  food,  but,  as  with  Clmex  lectidarius,  in  which  this  has 
taken  place,  provision  exists  for  carrying  over  the  blood  in  the  ali- 
mentary canal  through  the  moults,  from  one  stadium  to  the  next. 
They  are  sedentary  feeders  and  appear  to  rely  upon  the  efficiency  of  the 
salivary  fluid  they  inject  to  dilate  the  capillary  system  of  their  host  if 
they  fail  to  penetrate  a  vein.  If  a  number  be  placed  upon  a  small  area 
some  may  obtain  satisfaction  within  thirty  seconds  of  penetrating  the 
skin,  others  have  to  wait  several  minutes — occasionally  as  long  as  fifteen — 
before  the  blood  flows. 

Proportion  of  Sexes. 

When  a  number  of  lice  are  kept  together  in  a  box  and  allowed  to 
increase,  one  does  not  as  a  rule  notice  any  disproportion  in  the  relative 
number  of  the  sexes,  but  with  offspring  reared  from  single  pairs  the 
proportion  of  males  and  females  seems  to  be  almost  casual.  Any 
proportion,  from  equality  to  broods  consisting  of  entirely  males  or 
females,  may  result;  this  fact  has,  I  understand,  been  independently  dis- 
covered by  Dr.  Hindle  as  well  as  by  myself.  The  following  figures  will 
serve  to  illustrate  the  phenomenon.  The  small  number  of  offspring  reared 
in  some  instances  is  due  to  the  females  dying,  probably  from  old  age, 
within  a  short  time  of  their  segregation.  The  method  pursued  was  to 
take  paired  couples  from  a  stock  box. 

Proportion  of  Sexes  reared  from  Pairs  of  Pedicuhifi  Jmmanus  taken 

FROM  a  Stock  Box. 

No. 

1 

2 

3 

4 

5 

G 

7 

8 

9 
10 
11 
12 
13 
14 
15 

463          =          45  576         =         55 


Mali's 

Percentaixp 

Females 

Percent age 

1 

= 

2 

43 

=: 

98 

44 

=: 

49 

46 

=r 

50 

31 

= 

65 

17 

:= 

35 

Nil 

= 

— 

67 

= 

100 

119 

=: 

73 

43 

= 

27 

39 

= 

66 

20 

— 

34 

116 

= 

68 

55 

— 

32 

Nil 

= 

— 

46 

= 

100 

54 

;= 

92 

5 

= 

8 

Nil 

= 

— 

49 

= 

100 

10 

= 

71 

4 

= 

29 

Nil 

=z 

— 

39 

— 

100 

Nil 

— 

— 

48 

:= 

100 

7 

^ 

9 

74 

=: 

91 

42 

= 

G8 

$0 

= 

32 
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In  a  numerous  colony  such  a  method  ol'  reproduction  will  of  course 
give  the  same  proportion  ot"  sexes  as  would  result  if  each  pair  produced 
an  equal  proportion  of  males  and  females.  Presumably  this  departure 
from  the  normal  method  of  sex  production  serves  to  minimize  the 
dangers  of  too  close  interbreeding. 

Gregariousness. 

Body  lice,  and  possibly  to  a  slighter  extent  head  lice,  are  gregarious. 
This  is  more  especially  noticeable  with  the  immature  forms  when 
approaching  a  moult.  When  the  insects  are  kept  in  captivity  this 
instinct  is  very  apparent,  but  I  have  evidence  apart  from  this.  During 
the  course  of  numerous  experiments  dealing  with  the  destruction  of 
Pedicuhis  humaniif^  under  captive  but  otherwise  natural  conditions,  I  had 
several  opportunities  of  observing  the  behaviour  of  escapes  on  my  own 
clothing.  It  is  most  remarkable  that  these  free  insects  tended  to  collect 
in  close  proximity  to  their  captive  fellows,  in  spite  of  the  fact  that 
the  latter  were  imprisoned  on  pieces  of  flannel,  treated  with  various 
insecticides,  which  from  their  smell  should  have  exercised  a  deterrent 
effect.  That  the  attraction  was  not  always  sexual  was  shown  by  the 
fact  that  immature  lice  collected  in  the  same  way. 

Phototropism. 

Both  Pediculus  hinnanus  and  Pediciilus  capitis  are  negatively 
heliotropic,  crawling  away  from  the  source  of  light,  or  if  diffuse, 
towards  any  dark  object  or  shadow  in  their  vicinity.  Should  the 
source  of  light  be  directly  above  them,  and  there  are  no  shadows  or 
dark  surfaces  near,  they  either  crawl  aimlessly,  or  what  is  more 
frequent,  if  they  are  numerous,  cluster  together.  Their  dislike  for  light 
affords  a  convenient  basis  for  methods  of  dealing  with  them  under 
experimental  conditions.  It  also  affords  a  means  of  making  rough  trials 
of  the  value  of  deterrent  substances  or  fluids,  as  their  dislike  for  these 
can  be  tested  in  relation  to  their  desire  to  avoid  light. 

Clustering  op  Eggs, 

Female  lice,  in  captivity,  exhibit  a  sort  of  homing  instinct  in  regard 
to  the  deposition  of  eggs,  returning  again  and  again  to  a  particular  spot 
for  which  they  have  a  preference.  Certain  facts  tend  to  suggest  that  it 
is  the  eggs  themselves  which  form  the  attraction,  for  I  found  frequently 
that  when  I  reversed  or  otherwise  altered  the  position   of  the  piece  of 
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cloth  on  which  they  were  Laid  in  relation  to  the  box  in  which  the 
insects  were  confinecl,  with  the  object  of  getting  the  eggs  distributed 
in  order  to  facilitate  counting,  that  my  aims  were  thwarted  by  the 
female  continuing  to  add  to  the  original  cluster. 

Hatching. 

The  hatching  of  the  eggs  is  conditioned  by  the  temperature,  and 
possibly  also  by  humidity,  but  of  this  I  have  no  exact  evidence. 

Of  a  number  of  eggs  taken  from  a  stock  box,  and  therefore  in 
various  stages  of  development,  none  hatched  in  a  room  the  temperature 
of  which  fluctuated  between  60°  and  65°  F.,  while  at  76°  F.  there  was 
considerable  mortality,  and  the  period  of  incubation  of  the  survivors 
was  erratic,  and  spread  over  a  longer  period  than  usual.  Three  hatched 
within  three  days,  while  the  emergence  of  larvae  from  thirteen  others 
was  distributed  over  the  following  nineteen  days.  Eggs  from  the  same 
batch  hatched  readily  in  my  waistcoat  pocket  with  slight,  if  any, 
mortality.  At  98°  F.  the  period  of  incubation  was  very  uniform, 
within  five  days  after  removal  from  the  stock  box.  It  is  probable  that 
the  eggs,  ready  and  almost  ready  to  hatch,  and  also  those  very  recently 
laid,  were  killed  by  the  sudden  transfer  from  the  box  in  my  vest  pocket 
(temperature  about  85°  F.)  to  hotter  and  much  drier  conditions. 

One  thousand  three  hundred  eggs,  kept  in  an  incubator  under  humid 
conditions  at  87°  F.,  showed  the  following  hatching  periods  :  3  per  cent, 
hatched  on  the  seventh  day  ;  56  per  cent,  hatched  on  the  eighth  day  ; 
33  per  cent,  on  the  ninth  day  ;  8  per  cent,  on  the  tenth  day ;  and  0"2 
per  cent,  on  the  eleventh  day. 

The  temperature  of  87°  F.  is  probably  not  far  from  the  normal. 
I  find  that  a  thermometer  placed  between  my  shirt  and  skin  in  the 
region  of  the  chest  records  93°  F.  ;  between  shirt  and  waistcoat,  86°  to 
87°  F. ;  in  the  waistcoat  pocket,  85°  F.  ;  while  in  the  breast  pocket 
of  a  buttoned  coat  it  was  only  74°  F.  to  75°  F.  If  the  thermometer 
is  placed  against  my  uncovered  head  it  records  82°  F.,  and  in  the  folds 
of  a  woman's  hair,  near  but  not  touching  the  scalp,  the  temperature  is 
81°  to  82°  F.,  while  if  the  scalp  is  touched  the  mercury  rises  to  89°  F. 
These  readings  were  made  in  a  room  kept  at  a  temperature  of  62°  F. 

The  similarity  of  the  hair  temperature  to  pocket  temperature 
suggests  that  the  eggs  of  Pediculus  capitis  are  adjusted  for  incubation 
at  the  same  temperature  as  those  of  Pediculus  humanus,  and  this 
conclusion  is  in  agreement  with  my  experience  when  breeding  both 
insects  under  the  same  conditions. 
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Resistance  to  Cold. 

Exposure  lor  ^even  days  to  a  temperature  varying  between  SO*-'  and 
38°  F.  does  not  kill  the  nits,  but  none  survived  a  period  of  eleven  days, 
during  the  last  four  of  which  the  thermometer  fluctuated  between  30^ 
and  33^  F.  Active  lice  survived  two  days  at  30^  to  38°  F.,  and  some 
partially  recovered  after  four  days,  but  died  without  feeding.  None 
survived  seven  days. 

Relationship  of  Pedi cuius  liumamis  and  Pedictilus  capitis  to  each 

OTHEE. 

Cunimings,  in  his  pamphlet  on  the  louse  and  its  relation  to 
disease  (Economic  Series  No.  2,  British  Museum,  Natural  History), 
remarks  that  the  clothes  louse  differs  so  little  from  the  head  louse 
that  it  is  necessary  to  indicate  carefully  its  distinguishing  characters, 
and  gives  the  following  points :  Size  :  clothes  louse  :  mean  length, 
males  3'19  mm.,  females  4'14  mm.  ;  head  louse  :  mean  length, 
males  2'46  mm.,  females  3*03  mm.  Form  :  In  the  clothes  louse  the 
body  immediately  behind  the  head  is  broader  than  it  is  in  the  same 
place  in  the  head  louse.  The  lateral  angles  between  the  segments  of  the 
hind  part  of  the  body  are  appreciably  sharper  in  the  head  louse  than  in 
the  clothes  louse  and  the  clefts  which  run  in  from  the  sides  between  the 
segments  are  deeper.  In  the  female  of  the  clothes  louse  the  gonopods 
are  narrower  towards  the  tip  than  in  the  head  louse.  The  antennae  of 
the  head  louse  are  usually  thicker  than  those  of  the  clothes  louse. 
I  have  noted  that  the  eggs  of  the  head  louse  are  slightly  smaller  on  the 
average,  and  have  already  remarked  on  the  divergence  in  the  egg-laying 
instincts.  To  these  points  must  be  added  the  generally  observed  fact 
that  the  head  louse  clings  to  hair  and  the  body  louse  to  clothing. 

To  sum  up  these  points  there  is  a  difference  in  average  size  and 
general  form  of  the  insects  ;  a  difference  in  minor  points  of  structure  of 
antenna.'  and  gonopods  of  the  females  ;  a  difference  in  the  size  of  eggs 
and  a  variation  in  regard  to  the  instincts  connected  with  their  deposition. 
Exceptional  individuals  of  either  race  may  produce  the  characteristics 
of  the  other  in  one  or  other  of  these  points,  but  statistically  the 
separation  between  the  insects  appears  to  hold. 

Hybridization. 

In  an  attempt  to  obtain  further  evidence  bearing  on  the  question  of 
specific  identity,  hybridization  was  resorted  to ;  cross  pairings  between 
males  of  Pediculus  capitis  with  females  of  Peclicuhis  humanus,  and  vice 
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versa,  were  easily  l)rought  about,  and  carried  through  without  difficulty 
to  the  F.  3  generation. 

The  following  points  are  of  interest  :  There  was  a  high  mortality 
among  females  of  Pediciihis  ca2)itis  placed  with  males  of  Fediadus 
liumanus ;  unless  removed  after  their  first  union  they  were  invariably 
killed.  The  mortality  of  the  njales  of  Pediculus.  capitis  placed  with 
females  of  Pedicubis  huvianufi  was  also  higher  than  when  paired 
with  females  of  the  same  race.  There  was  a  marked  disparity  in  the 
proportion  of  sexes  in  the  F.  1  generation  of  the  cross  Pediculus  capitis 
male  and  Pedicidns  Immanus  female.     Of  four  pairings  the  percentages 


were  :- 


No. 

i 

2 
3 

4 


Perc'ent.:ij,'e 

PeiceHtagr 

of  males 

of  females 

74 

2G 

86 

14 

51 

49 

7G 

32 

In  the  reverse  cross,  and  subsequent  generations  of  this  cross,  no 
such  obvious  disparity  occurred.  In  view  of  the  casual  sex  production 
in  broods  of  Pediculus  huviamis  already  referred  to,  there  would  be 
nothing  surprising  in  the  above  figures  were  it  not  that  the  disparity 
is  all  in  one  direction — namely,  a  high  percentage  of  males.  The  small 
number  of  broods,  however,  does  not  warrant  much  stress  being  placed 
on  the  phenomena.  In  size  the  hybrid  insects  of  the  F.  1  and  F.  2 
generations  are  approximately  intermediate,  but  extreme  disparity  in 
size  was  noted  in  some  of  the  F.  8  broods,  very  small  female  and  large 
male  specimens  being  noted,  in  addition  to  large  females,  small  males, 
and  others  of  normal  sex  proportions.  Apparently  some  of  the  insects 
had  reverted  to  the  paternal  proportions,  while  others  retained  the 
hybrid  features  in  this  character. 


Summary  of  Features  in  the  Life-history  of  Practical 
Importance  for  Sanitary  Precautions. 

Eggs  take  seven  or  ten  days  to  hatch  under  normal  conditions — 
i.e.,  in  clothing  that  is  constantly  worn  ;  if  discarded  and  allowed  to 
cool  for  a  period  each  day,  the  time  of  hatching  may  be  extended  for 
five  weeks. 

Active  lice  can  exist  without  food,  and  apart  from  any  host,  for 
periods  of  up  to  nine  days. 

Young  lice  take  from  ten  to  fourteen  days  to  attain  sexual  maturity. 

Females,  after  attaining  maturity,  require  two  to  four  days  before 
they  commence  to  oviposit. 
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Egg  production  cannot  takr  place  without  food,  or  under  cool 
conditions   (below  65"^  F.). 

Eggs  laid  by  impaired  females  do  not  hatch. 

Impregnation  is  not  effective  for  more  than  twenty  days. 

As  many  as  ten  or  twelve  eggs  per  day  may  be  laid  by  each  female. 

A  total  of  300  eggs  may  be  laid  by  one  female. 

The  female  after  maturity  may  live  for  forty-six  days. 

Before  the  close  of  her  life  a  single  female  may  have  4,160  living 
offspring. 

Preventive  Measures. 

Pediculosis  is  a  sign  of,  and  depends  for  its  continuance  upon,  a 
low  standard  of  life.  With  a  change  of  garments  and  the  institution 
of  the  weekly  washing  of  shirts  and  underclothing,  the  number  of 
the  parasites  is  speedily  reduced  ;  when  sufficient  means  and  leisure 
obtain  among  the  people  to  allow  of  the  regular  change  and  cleaning 
of  bedding  as  well  as  of  clothing,  Pediculus  humanus  must  die  out. 

As  regards  Peclicukts  cdpitis,  where  the  conditions  of  hfe  are  not  so 
hard  that  the  mother  of  the  family  has  to  spend  the  time  that  should  be 
devoted  to  the  care  of  her  children  in  the  winning  of  their  bread,  the 
head  louse  follows  its  relative  into  obscurity.  Drink  and  ill-health  may 
provide  sufficient  primary  or  secondary  victims  to  prevent  its  extinction, 
but  will  do  little  more. 

If  we  had  not  quite  achieved  this  desirable  goal  when  the  war  broke 
out,  it  seemed  within  measurable  distance  in  the  more  wealthy  of  the 
European  States.  With  the  advent  of  war,  armies  were  plunged  back 
into  that  condition  of  barbarism  which  renders  the  washing  and 
changing  of  garments,  let  alone  bedding,  an  erratic  and  occasional 
proceeding,  even  when  it  does  not  prevent  it  entirely  for  weeks  or 
months  together. 

The  solution  of  the  louse  problem  depends  therefore  either  upon 
campaigning  under  a  civilized  standard  of  life,  or  upon  the  adoption 
f)f  efficient  remedies  for  the  destruction  of  these  insects.  The  plan 
adopted  by  the  British  authorities  partakes  of  both  methods.  In  the 
West  the  stable  Front  has  rendered  it  possible  for  the  troops  in  the 
field  to  enjoy,  in  large  measure,  the  civilized  custom  of  the  washing  and 
changing  of  clothing,  but  in  the  actual  fighting  line  and  in  other  areas 
this  has  not  been  found  practicable,  and  dependence  upon  insecticides  is 
essential. 

It  is  to  be  presumed  that  the  necessary  orders  are  issued  for  the 
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supply  of  remedies  to  the  men  in  these  situations,  but  that  owin^  to 
some  accident  or  flaw  in  transport,  they  are  not  always  received. 
Whatever  the  cause  may  be,  however,  complaints  are  so  numerous  as  to 
make  it  appear  to  a  civilian  that  the  state  of  our  troops  in  the  fire 
trenches  is  what  may  be  termed  "  lousiness,"  tempered  by  the  receipt 
of  insecticides  from  relatives  or  friends. 

It  follows  as  a  consequence  that,  in  spite  of  the  baths,  wash-houses 
and  laundrying  establishments,  intermittent  irritation  tends  to  be 
general,  owing  to  the  re-infection  of  the  already  cleansed,  or  to  the 
infection  of  fresh  troops  from  home  by  men  straight  from  the  fighting 
zones — pediculosis  being  continual  in  the  firing  line  because  the  dug- 
outs and  resting  bunks  are  in  constant  occupation. 

The  defect  in  arrangements  would  seem  to  be,  on  the  one  hand,  in 
the  failure  of  the  authorities  to  issue  a  sufficient  supply  of  insecticides 
(if  any)  to  the  troops  actually  in  the  trenches,  and,  on  the  other,  to 
recognize  that,  while  all  the  known  insecticides  for  the  destruction 
of  lice  are  defective  in  one  direction  or  another,  their  imperfections 
may  be  counterbalanced  by  complementary  use.  To  reduce  pediculosis 
to  its  lowest  point  it  is  necessary  to  use  relatively  stable,  slow-acting 
remedies,  in  addition  to  one  of  quick  action  if  of  short  duration.  Those 
most  serviceable  in  emergencies  are  impracticable  for  continuous  use, 
owing  to  the  large  quantity  which  their  rapid  evaporation  renders 
necessary. 

The  treatment  of  discarded  clothing  should,  wherever  possible, 
depend  upon  the  action  of  dry  heat,  not  because  this  is  more  effective 
than  hot  fluids  or  steam,  but  because  it  is  more  economical.  Wet  or 
moist  clothing  requires  drying  before  use,  and  time  will  not  usually 
permit  of  this  being  left  to  sunlight  and  open  air.  A  drying  chamber, 
if  once  inaugurated,  might  just  as  well  be  maintained  above  the  level  of 
temperature  necessary  for  the  destruction  of  lice  and  nits  as  below  it, 
especially  as  it  is  practically  certain  that  the  same  temperature  would 
destroy  the  active  feVnales  of  the  Sarcoptes,  which  cause  scabies.  The 
heat  necessary  for  the  destruction  of  both  lice  and  nits  is  52^  C.  for  a 
period  of  thirty  minutes.  Allowing  a  margin  for  contingencies,  55°  C. 
for  this  period  will  be  quite  high  enough  if  the  garments  are  spread  and 
hung.  Higher  temperatures  will  kill  more  quickly  and  give  greater 
penetration,  but  the  question  of  their  economy  is  doubtful,  unless  the 
conditions  of  speed  and  space  render  it  imperative. 

The  operation  of  ironing  the  seams  of  tunics  and  breeches,  if 
performed  with  due  regard  to  the  heat  of  the  iron  and  the  speed  of  its 
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passage,  may  no  doubt  be  as  effective  as  it  is  convenient,  when  only 
the  simplest  of  remedies  is  possible,  but  if  a  hot  room  is  available  it 
seems  reasonable  to  suppose  that  much  economy  of  labour,  as  v^ell  as 
greater  efticiency,  could  be  obtained  by  hanging  the  garments  in  it. 
If  great  speed  and  economy  of  fuel  were  desired,  a  tubular  oven  with 
travelling  hangers  could  be  arranged  on  the  principle  of  a  biscuit 
baker  v. 

In  washing  or  steaming  garments  or  bedding  the  same  temperature 
as  in  dry  heat  is  suthcient ;  higher  temperatures  will  give  quicker 
action,  providing  thorough  penetration  takes  place.  The  nits  are  actually 
destroyed  if  they  experience  the  heat  of  boiling  water  for  half  a  minute. 
The  addition  of  chemicals  to  the  water  used  for  washing  or  soaking 
is  superfluous  if  its  temperature  is  high  enough,  and  its  quantity  in 
relation  to  the  clothing  sufficient,  to  ensure  that  the  nits  in  the  fabric 
experience  55'^  C.  for  thirty  minutes,  or  a  higher  temperature  for  a 
shorter  period.  On  the  other  hand,  if  nits  and  lice  can  be  killed  more 
conveniently  or  cheaply  by  the  addition  of  chemicals,  it  is  wasteful  to 
use  heat  in  addition. 

I  am  rather  labouring  this  point,  because  it  is  one  of  the  peculiarities 
of  the  destruction  of  insects  that  economy  of  thought  and  extravagance 
in  practice  should  be  so  general.  The  spirit  which  dominates  the 
illustrations  of  Mr.  Heath  Robinson  seems  also  to  exert  considerable 
control  over  the  inventors  of  insecticides,  whose  common  practice  it  is 
to  endeavour  to  raise  the  general  efficiency  level  of  their  preparations 
by  complexity  in  combination.  The  following,  though  possibly 
somewhat  flamboyant,  is  a  not  unfair  illustration  of  the  process : 
*'  Kummerfeld's  wash  is  useful,  and  is  prepared  as  follows  :  Twenty 
parts  precipitated  sulphur  are  incorporated  in  a  mortar  with  fifty  parts 
glycerine ;  two  parts  of  camphor  are  separately  ground  with  fifty  of 
Eau  de  Cologne,  and  twenty  of  borax  and  870  parts  of  distilled  water 
are  added  ;  the  whole  is  mixed  together,  and  three  drops  of  an  extract 
of  musk  are  added  ;  shaking  in  order  to  prevent  the  sulphur  from 
settling  down  ;  fifty  parts  of  ether  are  added  to  the  mixture."  This 
principle  pervades  a  large  proportion  of  the  pre-war  remedies,  and  some 
of  the  recent  ones,  and  has  even  crept  into  the  work  of  scientific 
importance.  I^'or  instance,  it  was  remarked  l^y  one  experimenter  that 
cyllin  water  when  cool  was  not  effective,  but  became  so  when  heated 
to  GO'  C.  ;  yet  it  had  already  been  pointed  out  in  his  own  paper  that 
dry  heat  at  GO    C'.  killed  the  nits. 
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Infected    Dug-outs. 

If  pi-acticablo  tlic  wood-work  oC  which  these  are  built  sliould  be  llat- 
oiled  ;  this  might  considerably  reduce  the  risks  of  infection,  as  creosote 
oil  is  very  deadly  to  insects,  and  its  application  might  considerably 
reduce  the  risks  of  lice  resting  on  the  wood-work.  Treatment  with 
Colorado  vermin  killer,  a  preparation  that  I  w^as  asked  by  the  Army 
Authorities  to  test  in  regard  to  its  efhciency  against  bugs,  would  be 
about  equally  efiticacious. 

Insecticides. 

Insecticides  may  act  either  by  contact  or  vapour  ;  in  the  first  case 
they  obtain  entrance  at  the  insect's  mouth  or  spiracles  and  poison  it  or 
obstruct  the  trachea  and  suffocate  it.  In  the  second  case  the  vapour 
which  destroys  the  insect  must  poison  it  by  way  of  the  tracheal  system. 
Popular  opinion,  especially  among  the  compounders  of  insecticides,  has 
decided  that  strongly-smelhng  substances  are  effective  owing  to  their 
smell — hence  the  number  of  essential  oils  which  are  recommended  or 
incorporated.  As  contacts,  any  essential  oil  appears  to  be  deadly,  but 
their  action,  apart  from  contact  under  the  practical  conditions  of  use,  is 
likely,  in  the  great  majority  of  cases,  to  be  disappointing,  the  presence 
of  smell  being  but  a  poor  guide  to  the  quantity  of  vapour  necessa-ry  to 
bring  about  the  death  of  the  insects. 

It  will  be  my  endeavour  to  show  that  for  practical  purposes  it  is 
necessary  to  use  almost  all  remedies  as  if  they  had  a  contact  value 
only,  because  under  the  conditions  of  use  the  diffusion  of  vapour  at  a 
concentration  necessary  to  kill  is  limited  to  so  small  an  area  that  the 
advantage  of  the  vapour  poison  over  a  contact  poison  is  of  little  if 
any  moment. 

My  first  experiment  in  the  use  of  insecticides  against  lice  was  carried 
out  with  25  grm.  of  pure  flake  naphthalene,  placed  in  a  thin  cotton  tube 
worn  as  a  belt  next  my  skin.  I  then  suspended  between  my  shirt  and 
skin  a  number  of  gauze  bags  containing  active  lice.  These  bags,  which 
were  kept  from  collapsing  by  a  wire  gauze  frame,  were  placed,  both  at 
back  and  front,  about  5  or  6  in.  above  and  below  the  belt.  One  bag 
slipped  down  to  within  1  in.  of  the  belt,  and  in  this  bag  alone  were  the 
lice  affected  during  a  nine  hours'  trial,  a  few  out  of  a  number  being 
killed.  The  repetition  of  this  experiment  under  modified  conditions 
showed  a  similar  result.  In  order  to  test  the  comparative  value  of  a 
number  of  different  remedies  under  practical  conditions  and  determine 
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their  range  of  action  with  some  degree  of  accuracy,  I  constructed  a  small 
piece  of  apparatus  to  suspend  in  front  of  the  body,  so  that  the  insects 
could  feed  during  the  progress  of  the  tests.  In  the  central  compartment 
was  placed  a  piece  of  thick  lint  1  in.  square  impregnated  with  the  fluid  or 
substance  it  was  desired  to  test ;  lice  were  placed  in  all  five  chambers. 
The  results  showed  that  even  with  so  continuously  volatile  and  effective 
a  substance  as  naphthalene  the  vapour  action  was  very  feeble,  even 
within  a  range  of  1  in.,  and  practically  ineffective  at  2  in.  While  all 
the  insects  in  the  same  compartment  as  the  naphthalene  were  killed 
within  three  hours,  only  23  per  cent,  of  those  in  the  adjoining  chambers 
were  killed  within  ten  hours,  and  only  one  individual  out  of  fifty  died 
in  the  outer  chambers  during  the  same  period. 

More  recent  experiments,  conducted  under  another  method,  while 
confirming  these  earlier  results,  go  still  further  in  indicating  how  narrow 
is  the  range  of  effective  diffusion.  The  experiments  in  question  were 
planned  with  a  view  to  obtaining  a  comparative  result  between  different 
samples  of  naphthalene;  consequently,  it  was  necessary  so  to  adjust  the 
conditions  that  a  proportion  only  of  the  insects  were  killed  during  the 
period  of  trial.  Small  pockets  of  thin  cotton,  15  mm.  square,  were 
stitched  on  to  slips  of  flannel  about  80  mm.  square  and  in  these 
0'2  grm.  of  the  naphthalene  was  placed ;  over  this  a  larger  cover,  about 
47  mm.  square,  of  fine  motor  veil  gauze  was  stitched,  and  beneath  this 
the  lice  were  confined.  One  of  the  results  could  only  be  explained  by 
the  supposition  that  one  of  the  covers  was  so  arranged  that  it  allowed  a 
slightly  further  range  from  the  source  of  vapour  than  did  the  other.  In 
one  case  the  distances  of  the  margins  of  the  cover  from  the  edge  of  the 
pocket  containing  the  insecticide  were  14,  17,  18  and  20  mm.  respec- 
tively;  in  the  other  they  were  12,  17,  18  and  18  mm.  Although  the 
difference  was  so  slight  it  seemed  the  only  possible  explanation  of  a 
difference  of  17  per  cent,  in  the  average  mortality  during  four  separate 
trials. 

In  order  to  test  the  correctness  of  this  explanation  the  cover  was 
removed  from  the  slip  which  was  giving  the  higher  mortality  and 
replaced  with  a  slightly  larger  one.  The  increase  in  the  distance 
of  the  sides  of  the  gauze  covers  from  the  margin  of  the  pocket  contain- 
ing the  naphthalene  was  12,  17,  18  and  18  mm.  to  18,  20,  21  and 
23  mm.,  the  actual  increases  being  (3,  3,  3  and  5  mm.  in  range.  As 
a  result,  in  place  of  a  mortality  of  42  per  cent.,  none  of  the  lice 
were  killed  during  the  normal  four-hour  period  of  the  trial,  and 
when  the  period   was   increased   to    eight   hours   only   7    per  cent.   died. 
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It  is  upon  the  results  obtained  in,  these  experiments  that  I  base 
my  case  that  the  effective  range  of  vapours  between  the  skin  and  under- 
garments is  so  limited  as  to  be  almost  negligible.  The  deterrent  effect  of 
the  various  insecticides  experimented  with  I  have  been  unable  to  test  on 
a  practical  scale  under  the  normal  conditions  of  use.  It  is  possible  that 
the  vapours  set  free  may  have  a  wider  range  in  deterrent  than  lethal 
effect.  I  am,  however,  dubious  as  to  placing  very  much  reliance  upon 
deterrents  at  all,  owing  to  the  fact  I  have  already  mentioned  when 
referring  to  their  gregarious  habits,  that  of  the  lice  which  escaped  and 
enjoyed  free  range  over  my  body  and  clothing,  the  greater  number,  in 
some  cases  all,  were  found  on  the  flannel  slips  which  had  been  impreg- 
nated with  some  insecticide.  Attracted  thither  by  the  presence  of  their 
captive  fellows  the  gregarious  instincts  proved  more  powerful  than  the 
smell  of  the  insecticide  was  deterrent. 

It  was  also  shown  by  experiment  that  quite  efdcient  insecticides 
when  rubbed  on  the  skin  are  of  little,  if  any,  use  in  preventing  the 
insects  feeding.  The  method  of  test  employed  was  to  rub  the  skin  of 
the  forearm  thoroughly  with  the  preparation,  re-cover  the  skin  area  with 
the  sleeve  and,  after  fifteen  minutes'  interval,  allow  a  number  of  hungry 
lice  in  a  box  to  feed  through  the  gauze  cover  of  the  box.  In  no  case  did 
all  the  lice  in  the  box  refuse  to  feed  ;  generally  all,  or  the  greater 
number,  fed  greedily.  Nor  were  the  lice  usually  affected.  In  most 
cases  the  few  deaths  which  occurred  might  have  been  due  to  natural  causes. 
A  considerable  mortality,  however,  followed  when  sassafras  oil  was  used 
to  anoint  the  skin.  If  in  many  of  these  cases  the  same  quantity  of  the 
preparation  had  been  smeared  on  the  s/m*^  and  the  insects  confined  under 
a  gauze  cover  on  the  area,  though  it  would  probably  not  have  prevented 
their  feeding,  it  would  probably  have  killed  them  within  a  few  hours, 
owing  to  its  spreading  over  the  body  of  the  insect  and  finding  its  way 
into  the  tracheal  system. 

The  only  method  of  testing  the  differential  deterrent  action  that  I 
have  employed  so  far  consists  in  utilizing  the  dislike  of  lice  to  light  in 
the  following  manner  :  A  large  sheet  of  filter  paper  or  other  rough, 
fibrous  paper,  the  surface  of  which  enables  them  to  crawl  freely,  is 
placed  on  a  table  in  front  of  a  window.  A  band  of  the  insecticide  is 
applied  to  the  paper  with  its  ends  turning  towards  the  light ;  the  lice 
are  then  put  down  between  the  source  of  light  and  this  line,  and 
one  can  roughly  determine,  either  from  their  preference  to  turn  back 
and  face  the  light  or  to  cross  the  band,  which  preparation  is  the  better 
deterrent.       As  the  method  has  but  an  uncertain  practical  value  I  have 
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only  carried  out  a  few  trials,  but  these  show  that  the  best  deterrents 
are  not  necessarily  those  with  the  most  powerful  odours. 

It  follows,  if  what  I  have  stated  is  correct,  that  however  valuable  and 
interesting  from  the  standpoint  of  pure  science  many  of  the  published 
papers  concerning  the  relative  eliiciency  of  various  fluids,  substances 
or  vapours  for  the  destruction  of  lice  may  be,  they  have  but  small 
practical  value,  owing  to  a  want  of  appreciation  of  the  essential  facts 
connected  with  their  use.  Eemedies  have  to  be  applied  between  the 
clothing  and  surface  of  a  more  or  less  rotund  body,  the  temperature  con- 
dition there  being  in  the  neighbourhood  of  87"^  to  92^  F.  What  effect 
their  vapour  may  have  in  closed  tins,  under  bell  jars  or  when  the  lice 
are  suspended  within  a  short  distance  above  the  insecticides  is 
beside  the  question.  All  depends  upon  the  concentration  and  dura- 
tion of  the  vapour  resulting  from  the  quantity  you  can  afford  to  apply 
to  any  given  area  and   the  effective  diffusion  range  around   this  area. 

Having  now  put  before  you  the  basis  of  my  contention  that  all 
insecticides  used  under  the  conditions  named  must  be  considered  from 
the  point  of  view  of  practical  use  as  contact  remedies  only,  I  shall  pro- 
ceed to  consider  them  from  this  point  of  view. 

The  main  points  for  consideration  are  :  first,  cost,  because  it  is 
useless  to  trouble  about  remedies  which,  if  used  in  sufficient  quantities 
to  be  efl&cient  will  cost  more  in  a  week  or  two  than  a  new  shirt — a  point 
that  has  been  largely  lost  sight  of  by  the  purveyors  of  remedies  under  a 
trade  name.  Secondly,  speed  of  action  in  relation  to  its  duration. 
Generally  speaking,  speed  of  action  and  period  of  duration  are  in  inverse 
ratio  to  each  other,  but  the  relation  is  not  always  a  simple  one,  and  may 
be  modified.  Very  volatile  substances  and  fluids  are  of  little  use  unless 
they  can  be  applied  to  the  whole  area  of  the  underclothing  at  one  time, 
which  is  seldom  practicable  while  in  wear,  because  they  evaporate  so' 
rapidly  that  the  treated  area  is  free  for  re-colonization  within  a  few 
minutes.  On  the  other  hand  some  substances  are  so  slow  of  action 
that,  although  they  might  very  considerably  reduce  the  length  of  life 
and  breeding  capacity  of  the  insects,  the  user  would  be  continually  sub- 
jected to  irritation  by  the  sick,  and  by  new  recruits  which  had  strayed 
on  to  him  from  outside  sources. 

There  is  a  further  point  to  be  considered  that  is  frequently  over- 
looked by  the  makers  of  |)reparations,  both  professional  and  amateur, 
and  that  is,  how  the  preparation  is  to  be  used.  Persons  devoid  of 
knowledge  of  the  biononiics  of  the  louse,  as  well  as  those  who  have 
inadequately  considered  the  subject,  appear  to  think  that  any  prepara- 
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tion,  whether  fluid,  ])aste  or  powder,  can  be  rapidly  apphed  by 
dusting  01-  anointing  the  .skin  surface  with  it,  probably  the  most 
unpleasant  and  wasteful  method  that  can  be  adopted.  For,  in  the 
first  place,  one  gets  all  the  discomfort  and  dangei-  of  skin  irrita- 
tion, and  in  the  second,  if  the  preparations  are  at  all  volatile,  they 
are  even  more  quickly  dissipated  than  would  be  the  case  if  used  on 
the  under-garments. 

The  question  of  the  best  method  of  use  is  not  always  easy  to  answer, 
and  the  difficulty  with  some  very  efficient  remedies,  especially  quickly 
acting,  but  rapidly  dissipated  oils,  is  to  devise  some  means  of  distributing 
them  evenly  over  the  garments  in  quantities  sufficiently  small  not  to  be  dis- 
agreeable or  wasteful,  if  possible  using  some  vehicle  for  this  purpose  which, 
while  retarding  their  over  speedy  action,  renders  it  effective  over  a  longer 
period.  For  this  purpose  soap,  if  it  can  be  used,  is  very  useful  as  it  sup- 
plies an  easy  means  of  making  a  paste,  while  if  an  emulsion  of  the  remedy 
with  soap  is  possible,  it  makes  impregnation  by  watery  solution  of  any 
strength  possible.  With  other  contact  remedies  again  soap  enhances 
their  action  as  it  makes  contact  with  and  spreading  over  the  wax-like 
surface  of  the  insects'  integument  more  easy  and  certain.  There  is  also 
the  final  advantage  that  it  will  aid  in  removing  the  dirt,  which  accumu- 
lates on  a  greasy  surface,  when  the  garment  is  washed. 

For  the  efficient  protection  against  the  breeding  of  lice  in  garments, 
the  underclothing  should  be  impregnated  with  some  fluid  or  substance 
which  will  retain  its  effectiveness  for  upwards  of  a  week,  and  as  a  pre- 
caution against  enforced  delay  in  re-treatment,  an  effective  and  easily 
applied  remedy  of  quick  action  should  be  carried  in  addition.  I  am 
assuming  that  the  thorough  impregnation  of  undergarments  can  only  be 
carried  out  in  a  large  camp  or  base  behind  the  fighting  line.  Of  all  the 
remedies  with  which  I  have  experimented,  the  only  ones  which  fulfil  the 
first  of  these  conditions  experimentally  and  are  sufficiently  low  in  cost 
are  crude  carbolic  acid,  consisting  chiefly  of  cresols  with  a  trace  of  phenol 
and  tarry  oils,  and  cresol — the  latter  being  slightly  less  efficient.  The 
most  feasible  and  effective  method  of  use  is  to  emulsify  them  with  soft 
soap,  using  from  45  to  50  per  cent,  of  soap  to  50  to  55  per  cent,  of  the 
crude  carbolic.  A  perfect  emulsion  is  produced  by  using  sufficient  heat 
thoroughly  to  melt  the  soap.  The  correct  strength  of  the  solution  to 
be  used  for  impregnating  the  garments  ranges  from  5  to  10  per  cent, 
according  to  the  climate  or  period  of  the  year.  If  less  than  24  per  cent, 
of  the  crude  carbolic  or  cresol  is  used  the  destruction  of  the  lice  is  slow 
and  faulty,  if  more  than  5  per  cent,  irritation  may  be  caused  to  the  skin 
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in  warm  weather.  The  action  is  by  contact  and  the  soap  renders  this 
the  more  speedy  and  certain.  Under  cool,  dry  conditions  effective  action 
is  slower  or  ceases  entirely  because  the  perspiration  is  insufficient  to 
moisten  the  garment  and  set  free  the  emulsion  to  act  on  the  insect.  As 
the  lice  tend  to  congregate  to  the  less  ventilated  and  more  humid  situa- 
tions the  impregnation  tends  to  be  most  efficient  where  it  is  most  needed. 
During  the  summer  I  found  that  a  shirt  treated  with  a  5  per  cent,  solu- 
tion— '2J  per  cent,  crude  carbolic — was  efficient  in  the  destruction  of  lice 
for  a  period  of  five  or  six  days — the  action  being  quicker  or  slower  from 
a  few  hours  to  a  day,  according  to  the  amount  of  perspiration.  During 
the  winter  a  10  per  cent,  solution — 5  per  cent,  of  crude  carbolic — was 
necessary  to  produce  the  same  results.  It  would  follow  that  the  less 
the  sweating  the  longer  the  period  of  action.  Treated  flannel  may  be 
kept  at  least  fifteen  days  and  probably  much  longer  before  use  without 
losing  its  efficiency.  An  average  sized  shirt  has  an  area  of  about  1,600 
square  inches,  and  will  take  up  about  1,000  c.c.  of  fluid,  while  after 
wringing  it  will  retain  about  500  to  600  c.c.  Thorough  drying  of  the 
garment  is  essential  before  wearing.  The  individual  treatment  of 
garments  by  men  is  not  very  practical,  and  if  many  garments  have 
to  be  wrung,  either  rubber  gloves  or  a  mechanical  wringer  is  necessary. 
The  cost  per  shirt  for  solution  at  pre-war  prices  would  amount  to  about 
Jd.  to  Id.  according  to  the  strength  of  the  solution  used.  The  fault  of 
this  remedy  is  that  it  is  rather  slow,  and  does  not  prevent  feeding  until 
in  full  action. 

The  most  efficient  quick-acting  remedy  of  low  cost  I  have  used  is 
naphthalene,  which  for  the  purpose  of  the  destruction  of  lice  is  quite 
as  effective,  and  for  some  methods  more  effective,  in  its  crude  cheap 
form  than  in  its  more  expensive  purified  state.  It  acts  by  vapour  and 
possibly  also  when  mixed  with  oil,  soap  or  grease,  as  a  contact.  But  it 
is  no  exception  to  the  general  rule  of  very  restricted  range  of  effective 
action,  it  must  be  thought  of  for  practical  use  as  if  it  killed  by  contact. 
Undei'  the  conditions  of  use  between  clothing  and  body  its  action  is  very 
rapid,  killing  in  about  two  or  three  hours  if  used  in  sufficient  quantities, 
and  feeding  seldom  occurred  during  tests.  Unless  continued  action  is 
desired  the  quantity  used  need  not  be  large,  as  its  efficiency  depends 
upon  the  surface  exposed  to  evaporation  ;  it  is  consequently  more  rapid 
in  action  when  used  as  a  powder,  or  if  the  fabric  is  impregnated  with  it, 
than  if  put  up  in  packets. 

Naphthalene  is,  however,  so  efficient  that  the  retarding  of  its 
evaporation  may  be  a  decided  gain  under  circumstances  where  continued 
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locjil  action  is  desired.  The  impregnation  of  garments  oi-  blankets  with 
it  is  not  difficult,  as  it  is  I'eadily  soluble.  Benzine  will  take  up  about 
40  per  cent.  ;  methylated  spirit  between  5  and  10  per  cent. ;  paraffin  up 
to  15  per  cent.  But,  more  important  still,  it  can  be  dissolved  by  heat 
in  oil  or  oily  fluids,  which  can  be  subsequently  emulsified  and  used 
to  impregnate  clothing,  \c.,  in  watery  solutions  while  warm. 

If  used  in  impregnation  it  is  less  wasteful  than  if  used  as  a  powder, 
because  in  the  lattei'  case  it  dusts  out,  but  under  either  system  the 
duration  of  its  effect  is  very  short  owing  to  its  rapid  evaporation  at 
body  temperature.  At  a  concentration  of  10  mgrm.  per  square  inch, 
equal  to  about  16  grm.  per  shirt,  it  will  within  two  to  three  hours  kill 
all  the  lice  present,  but  will  have  entirely  lost  its  lethal  action  within 
five  hours  and  its  smell  within  eight.  On  the  other  hand,  if  used  in 
packet  form,  although  its  evaporation  period  is  prolonged,  its  range  of 
action  is  limited  to  a  radius  of  about  an  inch  from  the  packet.  It  is 
therefore  unsuited  for  the  purposes  for  which  the  crude  carbolic  soft 
soap  emulsion  method  is  so  well  adapted,  but  as  an  adjunct  to  these  for 
individual  use  in  case  of  emergency  it  is  invaluable,  and  might  be 
supplied  both  as  a  powder  for  use  by  dusting  a  pinch  or  two  in  at  the 
neck,  or  put  up  as  a  paste  by  mixing  with  soft  soap  for  the  purpose  of 
smearing  along  the  seams  of  garments.  For  the  latter  purpose  crude 
naphthalene  is  even  more  serviceable  in  its  "  unwhizzed  "  than  in  its 
''  whizzed  "  condition,  because  the  quantity  of  oily  fluid  which  it 
contains  renders  the  use  of  less  soap  necessary  to  produce  a  paste.  The 
soap,  whilst  restraining  the  speed  of  evaporation  of  both  the  oily  fluid 
and  the  naphthalene,  does  not  prevent  the  preparation  spreading  in  the 
fabric  of  the  garment,  under  which  circumstances  it  acts  as  though  it 
had  a  contact  effect.  It  is  possible  that  this  is  really  the  case,  but  its 
increased  efficiency  in  range  of  action  may  be  due  to  the  enlarged  area 
from  which  vapour  is  produced. 

Having  now  put  before  you  the  facts,  so  far  as  I  conceive  them, 
concerning  the  most  efficient  methods  of  checking  pediculosis  in  the 
Army,  at  a  reasonable  cost,  I  propose  to  deal  shortly  with  some  of  the 
other  remedies  that  have  been  recommended  for  use  against  these  pests. 

Clayton   Gas. 

There  is  no  doubt  as  to  the  efficiency  of  this  means  of  killing  active 
lice  or  mites  in  discarded  clothing  or  bedding,  but  I  am  still  doubtful, 
in  the  absence  of  detailed  reports,  of  the  exact  procedure  and  control  of 
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experiments,  as  to  the  destruction  of  nits  by  its  means.  Nits  are  very 
susceptible,  and  easily  killed  at  certain  stages  of  their  development,  and, 
relatively,  very  insusceptible  at  others,  therefore  the  possibility  of  the 
nits  being  sometimes  killed  by  the  treatment  and  at  others  not,  is 
considerable.  The  chief  objection  to  its  use,  however,  is,  I  conceive, 
that  of  cost  and  special  apparatus  to  ensure  sufficient  concentration, 
while,  I  suspect,  though  I  confess  to  having  no  actual  experience,  that 
the  time  required  is  much  longer  than  would  be  needed  for  dry  heat  to 
produce  the  same  result. 

Most  of  the  other  suggested  methods  for  the  treatment  of  discarded 
clothing  would  seem  to  require  even  greater  elaboration  of  method  and 
expenditure  of  money. 


Insecticides  for  Use  while  the  Infected  Clothing  is  in  Wear. 
* 

Iodoform  and  Cytisine. — The  former,  if  it  could  be  used  in  sufficient 
quantity,  might  be  ideal,  but  the  cost  of  impregnating  garments  with 
it  puts  it  out  of  the  question,  whilst  in  small  quantities  it  only  creates 
smell  and  causes  expense  without  increasing  the  efficacy  of  other 
i-emedies.  Cytisine  is  not  only  too  expensive,  but  also  might  possibly 
prove  dangerous. 

Vermijelli. — The  quantity  and  method  of  application  required 
for  efficient  protection  would  render  this  remedy  not  only  expensive, 
but  disagreeable.  It  is  questionable  whether  it  acts  otherwise  than 
would  any  heavy  grease,  such  as  the  rancid  butter  of  the  Cossacks. 
It  is  certainly  ineffective  if  used  up  to  10  per  cent,  strength  to  im- 
pregnate clothing. 

Sulphur. — I  am  by  no  means  so  sure  that  this  is  so  devoid  of  action 
as  some  experimenters  have  suggested.  Under  the  condition  of  use  on 
the  body  it  seems  to  have  a  very  slow  action  ;  variable  results  are 
possibly  due  to  differences  in  the  humidity  of  the  body.  It  is,  however, 
hardly  worth  troubling  about  while  reasonably  cheap  and  definitely 
effective  remedies  are  to  hand. 

Anthracene. — This  was  tried  on  account  of  its  similarity  of  molecular 
structure  to  naphthalene,  but  was  all  but  useless. 

Tar  Oil. — This  is  very  effective  if  used  neat  to  impregnate  flannel, 
but  is  not  very  suitable  for  this  purpose.  If  it  could  be  evenly  sprayed 
on  in  small  quantities  it  might  afford  a  practical  remedy  of  some  value. 
Its  period  of  effectiveness  when  flannel  has  been  thoroughly  impregnated 
with   it  iR  about   fifty  hours  while   in  contact  with  the  body,  but  when 
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used  in  vSiiialler  quantities  the  |)ei'iod  would  be  proportionally  less.  It 
can  be  erjjulsiiied  with  soft  soaj)  in  the  j)r()p()rti()n  of  twenty-five  parts 
oil  of  tar  and  ten  parts  of  soft  soap,  but  is  not  effective  when  used  as 
a  watery  solution  to  impregnate  garments,  even  at  a  strength  of  50 
per  cent.     Presumably,  therefore,  it  acts  by  its  mechanical  effect  only. 

Sasfiafras  Oil. — This  is  very  deadly  as  a  contact  and,  judging  by 
smell,  is  one  of  the  ingredients  of  many  of  the  effective  proprietary 
pastes  and  fluids.  It  is  one  of  the  few  remedies  that  will  kill  lice  when 
they  are  fed  on  a  patch  of  skin  treated  fifteen  minutes  previously.  The 
proprietary  pastes  and  fluids  with  which  I  have  experimented,  however, 
do  not  seem  to  contain  it  in  sufficient  proportions  to  be  effective  when 
subjected  to  the  skin  test.  Economy  in  its  use  may  be  obtained  by 
diluting  it  with  methylated  spirit  or  paraffin  (lamp-oil).  It  can  also  l)e 
emulsified  with  soft  soap  as  follows  :  One  part  soft  soap  is  melted  in 
five  parts  of  water  by  heat ;  twenty  parts  of  sassafras  oil  are  then  added 
very  gradually,  with  thorough  shaking  or  stirring.  This  emulsion  can 
be  diluted  with  water,  but  does  not  remain  in  emulsified  condition 
for  more  than  a  few  hours  after  dilution.  Flannel  impregnated  with 
a  10  per  cent,  solution,  and  then  dried,  killed  all  the  lice  within  a 
few  hours  during  the  first  thirty  hours  of  wear,  but  after  forty-eight 
hours  it  was  only  partially  effective  during  a  twenty-four  hours'  trial. 

Legroux's  Method. — A  trial  was  made  with  the  impregnated  sachets 
as  supplied  for  use  in  France.  The  ingredients  are  oils  of  lemongrass, 
pennyroyal  and  eucalyptus,  to  which  powdered  naphthalene  is  added. 
The  result  was  partial  and  uncertain,  the  average  mortality  being- 
only  20  per  cent,  in  an  eight  hours'  trial,  while  the  fact  that  there  were 
no  feeble,  but  only  dead  and  active  lice,  raised  a  suspicion  that  the 
small  number  of  deaths  which  occurred  were  due  to  misadventure — 
probably  pressure. 

Only  a  few  of  the  proprietary  insecticides  have  been  tested ;  of 
these  the  best  known  is  probably  ''  Parasitojc,''  Is.  per  stick  weighing 
43"50  grm.  The  proprietors'  direction  is  to  "  rub  daily  on  the  inside 
seams  of  the  clothing  and  on  the  body,  especially  the  hairy  parts," 
I  have  only  tested  in  so  far  as  regards  the  first  half  of  the  direction,  the 
latter  portion  being,  in  my  opinion,  impracticable  for  reasons  already 
set  forth.  Slips  of  flannel  were  smeared  with  the  preparation  and  lice 
imprisoned  under  gauze  on  the  treated  area.  The  slips  were  then 
pinned  to  the  inside  of  the  shirt,  so  that  the  insects  could  feed  through 
the  gauze  during  the  period  of  the  test.  Used  to  the  extent  of 
23  mgrm.  per  square  inch,  all  were  stupefied  in  one  and  a  half  hours  ; 
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at  the  close  of  the  twenty  hour  trial  all  were  dead.  A  second  test  on 
the  same  piece  of  flannel  showed  all  hut  one  out  of  twenty-five  lice 
active  after  three  hours,  mostly  active  after  eleven  hours,  and  after 
twenty-two  hours  twenty-two  living,  mostly  active,  two  paralysed,  one 
dead.  Used  at  10  mgrm.  per  square  inch,  a  few  were  stupefied  after 
one  and  a  half  hours.  After  five  and  a  half  hours  all  were  stupefied. 
After  twenty-two  hours  fifteen  were  living  and  active,  ten  were  dead. 
The  quantity  used  would  therefore  need  to  be  between  10  and  20 
mgrm.  per  square  inch,  and  as  a  shirt  has  an  area  of  some  1,600  square 
inches  it  would,  I  judge,  be  an  expensive  remedy  to  use  daily. 

A72  insect  poioder  named  "  Muhak,''  cost  not  stated,  was  dusted  on 
to  flannel  to  the  extent  of  20  mgrm.  per  square  inch,  and  the  hce 
imprisoned  as  before.  It  stupefied  a  number  in  one  and  a  half  hours. 
After  twenty  hours,  eight  were  still  living,  seventeen  dead.  A  second 
trial  with  the  same  piece  of  flannel  showed  all  active  after  two  and 
a  half  hours,  and  also  after  eleven  hours.  After  twenty-four  hours, 
twenty-two  were  living,  sixteen  of  which  w^ere  active ;  two  were  dead. 
Feeding  took  place  during  both  trials. 

A  powder  supplied  by  Messrs.  Shotter  and  Jones  was  tested  by  the 
same  method.  After  one  and  a  half  hours  all  were  living,  mostly 
active  ;  after  seven  hours  all  living,  mostly  active.  After  twenty-two 
hours,  twenty-three  were  living  and  active,  two  were  dead. 

'' Meville's''  Fluid. — Used  as  recommended  for  anointing  the  skin. 
A  number  of  lice  were  fed  on  the  skin  area  that  had  been  treated  with 
the  neat  fluid  fifteen  minutes  prior  to  the  test.  The  insects  fed  and 
showed  no  ill  effects.  Used  neat  to  impregnate  flannel,  the  trials  being 
subsequently  carried  out  with  lice  imprisoned  under  gauze  on  the 
flannel,  which  was  pinned  to  the  inner  side  of  the  shirt  so  that  the 
insects  could  feed,  the  period  of  efficiency,  as  a  slow-acting  insecticide, 
continued  for  seven  days.  First  day  after  impregnation,  100  per  cent, 
killed  within  a  few  hours;  second  day  after  impregnation,  ]00  per  cent, 
killed  after  eighteen  hours;  third  day  after  impregnation,  a  number 
were  killed  within  forty-eight  hours;  fifth  day  after  impregnation,  ten 
out  of  eleven  were  killed  within  forty-eight  hours;  seventh  day  after 
impregnation,  seven  out  of  thirteen  were  killed  within  forty-eight  hours. 
It  is  probable,  however,  that  its  cost  would  prohibit  its  use  for  the 
impregnation  of  garments. 

Two  pastes  and  a  fluid  put  up  by  W.  A.  Proctor,  and  intended  for 
use  by  application  to  the  skin,  or  smearing  on  garments,  were  tested. 
A  patch  of  skin  was  smeared  or  wetted  with  the  preparation,  and  after 
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fifteen  minutes  hungry  lice  in  a  gauze  covered  box  were  allowed  to  feed 
on  the  prepared  skin  area.  The  pastes  had  little,  if  any,  deterrent  effect; 
the  insects  fed  heartily  and  were  not  harmed.  The  fluid  had  a  partially 
deterrent  effect,  but  some  of  the  lice  fed  heartily — one  out  of  fifteen 
died  within  twenty  hours. 

Used  for  the  treatment  of  flannel,  all  the  preparations  proved  to 
be  active  insecticides  if  applied  in  sufficient  quantities,  but  their 
effectiveness  soon  deteriorated  when  used  between  clothing  and  body, 
so  that  after  twenty-four  hours  they  were  only  partially  effective  in  a 
twenty  hours'  test. 

"  No  Germoy — 0'260  grm.  was  placed  in  a  small  pocket  on  a  slip  of 
flannel  and  the  lice  confined  under  a  gauze  cover  above  it ;  the  pocket 
holding  the  preparation  was  15  mm.  square,  the  gauze  cover  above  had 
an  area  of  2,246  mm.  Under  these  circumstances  crude  naphthalene 
would  have  killed  from  70  to  80  per  cent,  of  the  insects  within  four 
hours.  The  record  of  "  No  Germo  "  is  as  follows  :  After  a  four  and  a 
half  hours'  trial  no  effect ;  after  a  twelve  and  a  half  hours'  trial,  four 
out  of  thirty  were  dead. 

Two  trials  were  made  with  the  '' Kergold  anti-vermin  body  belt/' 
for  which  the  suppliers  make  the  following  claims :  "  Perfect  immunity 
from  all  insect  pests.  The  Kergold  is  the  only  belt  that  affords  instant 
and  permanent  relief  from  the  bane  of  the  soldier  on  active  service. 
Vermin  simply  cannot  exist  when  the  Kergold  anti-vermin  body  belt  is 
worn ;  protects  the  wearer  from  head  to  foot.  Total  immunity  from 
all  further  attacks.  The  medical  properties  of  the  belt  last  for 
approximately  six  months."  The  first  trial  gave  results  so  greatly  at 
variance  with  these  claims  that  a  second  belt  was  purchased  in  order  to 
avoid  the  risk  of  the  first  one  being  a  "bad  egg.''  In  the  first  series 
of  trials  lice  were  confined  in  gauze  pockets  fastened  to  the  shirt  so 
that  the  insects  could  feed  during  the  course  of  the  test.  In  all,  eight 
pockets  were  placed  at  varying  distances  above  and  below  the  belt,  from 
the  neck  to  the  thighs  ;  during  the  course  of  a  continuous  twenty-four 
hours'  trial  the  only  lice  which  died  were  a  few  in  one  of  the  pockets  on 
the  upper  part  of  the  chest,  apparently  from  pressure  of  the  braces. 

In  the  second  trial  much  trouble  was  taken  to  wear  the  belt  before 
trial  and  to  induce  a  perspiration  by  work  in  a  hot  room  at  97°  F.  Four 
gauze  pockets  containing  lice  were  suspended  within  an  inch  of  the  belt 
and  most  of  the  insects  fed  heartily  at  intervals  during  a  twenty-four 
hours'  test.  After  this  period  it  was  found  that  out  of  sixty  lice  nine 
were  dead,   four  were   feeble,  while  forty-seven   were    active.       While 
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conceding  the  possibility  that  the  dead  and  feeble  were  due  to  the  action 
of  the  belt,  I  incline  to  the  view  that  they  were  overlaid  during  sleep. 

After  the  belt  had  been  continuously  worn  for  sixty-two  hours  another 
test  was  carried  out.  After  twenty-four  hours  there  were  three  dead, 
two  feeble  and  twenty-nine  active  lice  in  the  pockets.  The  belt  was  then 
worn  for  a  further  period,  and  after  five  days'  continuous  wear  it  was 
given  a  last  chance.  After  a  twenty-four  hours'  trial,  during  which  many 
of  the  insects  fed  heartily,  one  was  dead  and  twenty-nine  were  active, 
including  one  pair  in  copula. 

Preventive  Measures  Against  Lice. 

Heat. — Dry  air  or  water  at  a  temperature  of  52°  C.  will  destroy  both 
active  lice  and  nits  within  a  period  of  thirty  minutes.  Higher  temperatures 
kill  more  quickly  ;  water  at  100°  C.  kills  the  nits  in  half  a  minute.  In 
the  destruction  of  lice  by  heat  the  all  important  factor  is  penetration. 
Thick  or  folded  garments  require  longer  time  than  hung  or  spread  ones. 
Bundled  clothing  is  only  slowly  penetrated.  Other  factors  being  equal, 
dry  heat  is  more  economical  than  wet,  because  wet  garments  require 
drying  after  treatment. 

Co/fZ.— Exposure  to  cold,  30°  to  38°  F.  or  -  1-1°  to  3*3°  C.  for  two  days 
is  fatal  to  active  lice,  although  they  may  be  Hving  at  the  end  of  the 
period.  If  continued  for  four  days  they  are  killed  within  the  period. 
Nits  survive  exposure  to  the  same  temperature  for  seven  days,  but 
not  eleven. 

Insecticides  :  Contact. — To  keep  continuously  worn  garments  free 
from  lice  the  best  method  is  to  impregnate  with  cresol  or  crude  carbolic 
acid,  employing  in  soap  emulsified  form,  dipping  the  garments  in  a  solu- 
tion containing  from  2J  to  5  per  cent,  according  to  the  climate  or 
season ;  hot  weather  needs  less,  cold   more. 

Vapour. — Insecticides  which  act  by  vapour  have  a  very  restricted 
range — not  above  1  in.,  or,  at  the  outside,  2  in.  Naphthalene  is  probably 
the  most  economical  and  effective  of  the  quick  remedies,  but  at  body 
temperature  it  rapidly  evaporates.  If  underclothing  is  impregnated  to 
the  extent  of  2  mgrm.  per  square  centimetre — 10  mgrm.  per  square  inch, 
or  about  1(3  grm.  per  shirt — its  lethal  effect  will  have  entirely  passed 
away  within  five  hours.  If  used  in  packets  its  range  of  action  will  be 
less  than  2  in.  Used  as  powder  it  is  wasteful,  owing  to  its  dusting  out 
of  clothing  ;  mixed  with  soft  soap  or  grease  this  waste  is  prevented  and 
its  efficiency    is   increased.       Crude  naphthalene   is   cheaper   and   more 
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effective  than  pure.  Sassafras  and  other  essential  oils  arc  very  effective, 
but  kill  by  contact,  not  vapour,  under  the  conditions  of  use;.  Sniell  is  no 
j^uide  to  vapour  effect. 

The  Destruction  op  Nits. 

Paraffin  Oil. — Timnersion  foi-  five  minutes  kills  the  greater  propor- 
tion, but  not  all. 

Sassafras  Oil. — Immersion  for  five  minutes  kills  all.  A  10  per  cent, 
watery  solution  of  this  oil  in  emulsified  form  with  soft  soap  is  also 
effective  as  against  nits.  (One  part  soft  soap  melted  in  five  parts  of 
water  by  heat,  twenty  parts  of  the  oil  added  very  gradually  with 
thorough  shaking  or  stirring.) 

Crude  Carbolic  Soft  Soap  Emulsion. — Immersion  in  a  5  per  cent, 
solution  for  five  minutes  kills  all. 

Tar  Oil  Soft  Soap  Emulsion. — Immersion  in  a  5  per  cent,  solution 
for  five  minutes  kills  all. 

Potato-paring  Infusion. — Recommended  by  a  writer  in  the  American 
Journal  of  Clinical  Medicine.  Immersion  for  thirty  minutes  was  quite 
ineffective,  and  did  not  even  kill  active  lice. 

Quassia  Chips. — An  infusion  of  20  grm.  in  250  c.c.  of  water  boiled 
for  over  an  hour  was  tried ;  immersion  for  ten  minutes  was  quite 
ineffective,  and  the  active  lice  lived  for  two  days  afterwards,  but  failed 
to  feed. 

Chlorine  Gas. — Nits  exposed  to  the  action  of  this  gas  during  the 
course  of  a  trial  at  the  Royal  Army  Medical  College  hatched  in  the 
normal  course  and  adults  were  reared  from  them. 

Colorado  Vermin  Killer. — Carbon  disulphide,  10  c.c. ;  crude  carbolic, 
91  c.c. ;  oil  of  tar,  2*5  c.c. ;  kerosene,  435  c.c;  killed  all  nits  immersed  for 
five  minutes. 

Of  these  remedies  tar  oil  emulsion  and  a  5  per  cent,  solution  of  crude 
carbolic  soft  soap  emulsion  might  be  used  for  the  treatment  of  heads,  as 
they  are  more  effective  than  paraffin  oil  and  cheaper  than  sassafras  oil. 

For  the  treatment  of  nits  in  the  seams  of  clothing  either  of  these  or 
the  Colorado  vermin  killer  would  be  effective;  the  latter  would,  of 
course,  be  too  irritating  for  use  where  it  comes  into  direct  contact  with 
the  skin. 
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DISCUSSION. 


Professor  G.  11.  F.  NUTTALL,  F.R.S.  :  Having  been  engaged  for  a  con- 
siderable time  in  studying  the  louse  problem  I  can  perliaps  appreciate  the  value 
of  Ml-.  Bacot's  work  better  tlian  most  of  bis  hearers.  Apart  from  my  own 
investigations  I  have  taken  the  pains  to  collect  the  literature  of  the  subject 
and  ere  longJiope  to  publisli  a  full  account  of  what  is  known  of  the  louse  and 
its  misdeeds.  So  far  I  have  notes  on  upwards  of  520  papers  and  publications 
dealing  with  lice.  The  literature  is  remarkable,  in  that  most  authors  com- 
pletely ignore  the  work  of  others  that  have  preceded  them.  I  may  say  at 
once,  however,  that  Mr.  Bacot's  work  is  in  some  ways  the  best  that  has  been 
done  liitherto  on  the  biology  of  Pedimdus.  I  would  mention  here  that 
three  papers  dealing  with  the  biology  of  the  louse  will  appear  next  week  in 
Parasitology  ^  from  the  pens  of  Mr.  Bacot,  my  assistant  Dr.  Hindle,  and  myself 
lespectively.  I  would  refer  those  interested  in  the  subject  to  these  papers, 
since  they  contain  much  that  is  new  : — 

(1)  Are  Pecliculus  humanuii  and  Pediculus  capitis  separate  species  ? 
Mr.  Bacot  has  given  us  biological  differences  of  his  own  finding  besides  those 
usually  quoted.  He  cites  Cummings  as  an  authority  for  certain  morphological 
differences.  All  of  the  differences  noted  by  Cummings,  excepting  that  affecting 
the  form  of  the  gonopods,  have  been  given  by  other  observers  in  the  past. 
I  would  note  that  Meinert  and  Neumann,  two  very  careful  observers,  failed  to 
fmd  any  constant  differences.  My  opportunities  of  examining  material  liave 
been  limited,  but  so  far  I  have  found  no  constant  differences  between  the  two 
jjurported  species  collected  in  four  continents.  I  shall  be  grateful  to  persons 
in  different  parts  of  the  world  who  will  supply  me  with  a  large  number  of 
specimens,  well  preserved  in  60  to  70  per  cent,  spirit,  and  accompanied  by 
full  particulars  as  to  their  source.  From  what  I  have  seen  I  incline  to  the 
opinions  of  Meinert  and  Neumann  that  head  lice  and  bodf  lice  are  but  races  of 
one  species. 

(2)  The  influence  of  temperature  on  the  rate  of  development  is  a  subject 
of  practical  interest.  Rubner,  who  made  careful  studies  on  the  temperature 
beneath  human  clothing,  determined  that  about  32^  C.  represents  the  tem- 
perature at  or  near  the  skin  surface  of  a  clothed  individual  when  he  is  feeling 
comfortable — i.e.,  neither  chilly  nor  warm.  Mr.  Bacot,  no  doubt  with  cruder 
methods,  has  determined  31"  C.  to  be  the  temperature  in  question.  From  my 
observations,  and  those  of  others,  I  take  it  that  the  optimum  temperature  for 
the  development  of  lice  is  about  32*^  C.  I  have  found  that  the  eggs  kept  at 
32'  C.  continuously  near  tlie  skin,  hatxj;hed  mostly  after  seven  days  ;  at  30*^  C. 
in  the  thermostat,  liatched  mostly  after  ten  to  twelve  days  ;  at  37°  C.  by  day 
and    14"  C.  by  niglii,  hatched  after  fifteen  days  ;   at  30°  C.  by  day  and  10'  C.  by 
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night,  liatclied  after  twenty-seven  days  ;  at  'iO    C.  for  twenty-foui-  hours,  and 
at  5°  to  10   C.  for  twenty-four  liours,  alternately,  hatched  after  35  days. 

(3)  I  have  failed  to  observe  any  difference  in  the  manner  of  oviposition  of 
"  capitis  "  and  "  vcstifiioUi  "  ui)on  hairs. 

(4)  Mr.  Bacot's  statement  that  additional  feeding  of  adults  leads  to  a 
greater  number  of  eggs  being  laid  is  confirmed  by  my  observations.  When 
fed  twice  daily  I  found,  as  most  observers  have,  that  a  female  lays  four  to  five 
eggs  per  day.  Mr.  Bacot,  when  he  fed  them  more  frequently  obtained  an 
average  of  64  eggs  per  day;  at  times  this  number  was  much  exceeded.  I  have, 
however,  obtained  better  results  under  the  optimum  conditions  offered  by 
keeping  lice  confined  continuously  in  a  felt  cell  strapped  to  the  arm.  Under 
these  conditions  of  unlimited  opportunities  of  feeding,  and  an  optimum  of 
warmth  and  moisture,  two  females  laid  an  average  of  ten  eggs  apiece  a  da>- 
for  twenty  successive  days  ;  one  female  laid  266  eggs  in  all  before  she  died, 
probably  from  being  crushed  ;  nevertheless  her  ovaries  were  not  exhausted. 

(5)  Longevity. — I  have  also  found  that  adults  may  live  four  to  five  weeks 
when  fed  tw^ice  a  day.  The  longest  period  recorded  for  lice  surviving  unfed  is 
ten  days,  this  observation  having  been  made  by  Hase.  Observations  as  to 
alteration  in  the  fat-body  of  lice  that  are  starved  are  lacking. 

(6)  The  remarkable  difference  in  the  proportion  of  the  sexes  in  various 
broods,  to  which  Mr.  Bacot  has  referred,  was  made  the  subject  of  special  study 
by  Dr.  Hindle,  and  will  be  found  described  with  full  protocols  in  his  paper. 

I  would  note  with  regard  to  the  duration  of  the  life  cycle  of  lice  under 
normal  conditions  upon  man,  that  my  experiments  have  showm  the  development 
from  egg  to  egg  to  last  seventeen  days.  In  the  experiment  made  by  Warburton 
(1911),  wlio  carried  lice  in  receptacles  near  his  person,  feeding  the  insects  twice 
daily,  the  corresponding  period  was  twenty-four  days. 

Turning  to  the  matter  of  dealing  with  the  destruction  of  lice,  I  would  note 
that  my  experiments  and  a  survey  of  the  literature  published  in  all  the 
countries  engaged  in  this  war,  have  both  led  to  the  conclusion  that  dry  heat, 
where  applicable,  is  the  quickest,  cheapest,  and  safest  w^ay  of  dealing  with 
infested  articles  of  clothing,  furs,  bedding  and  the  like.  I  find  that  moderate 
dry  heat  kills  all  lice  and  their  nits  in  a  short  time  ;  they  are  certainly  killed 
in  one  minute  at  65^  C,  or  in  five  minutes  at  62^  C.  Immersed  in  water 
heated  to  76^  C,  they  are  killed  in  half  a  minute,  at  60°  C.  they  are  killed  in 
five  minutes.  In  practice,  naturally,  time  must  be  given  for  heat  to  penetrate 
the  objects  which  are  treated.  The  time  required  will  depend  upon  the  degree 
to  which  tiie  objects  are  packed  together,  as  old  experience  at  the  hands  of 
bacteriologists  has  shown.  The  hot  air  should  circulate  freely  among  the 
objects  to  be  treated  if  rapid  destruction  is  to  be  attained.  Various  simple 
ways  of  dealing  with  this  mode  of  louse  destruction  are  in  use  to-day.  I  shall 
deal  with  the  subject  on  a  future  occasion.  The  storage  of  infested  clothing 
and  blankets  in  a  dry  warm  room  would  rapidly  lead  to  the  death  of  vermin. 
I  heartily  endorse  Mr.  Bacot's  remarks  upon  the  useless  character  of  most 
insecticides  and  repellants.     I  w^ould  add  to  his  list  an  article  advertised  as  the 
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"  Asiatic  body  cord,"  which  is  said  to  work  wonders  :  it  consists  of  a  string  to 
be  tied  around  the  waist,  the  string  being  surrounded  by  a  greasy  substance 
having  the  colour  of  bhie  ointment  :  smeared  on  a  sHde  and  examined  micro- 
scopically, I  detected  globules  of  mercury  in  it.  Naphthalene,  as  also  sulphur, 
have  not  hitherto  given  complete  satisfaction,  and  no  Httle  trouble  abroad. 
All  the  evidence  points  against  the  use  of  sulphur  dioxide  because  of  its 
injurious  effects  on  fabrics  and  metal,  tic,  and  the  smell  that  clings  to  articles 
treated  with  it.  Carbon  bisulphide  vapour  has  been  found  better  than  SO.j  ; 
its  odour  vanishes  rapidly,  but  is  objected  to  because  of  its  toxicity  and 
intiammabihty.  My  experiments  carried  out  last  year  wath  twenty-four  hour 
old  nits  and  a  number  of  insecticides  will  be  pubHshed  in  due  course,  but  I 
may  mention  a  few  of  the  results  :  Nits  were  not  killed  by  immersion  for 
tw^enty  minutes  in  paraffin  ;  ten  minutes  in  benzine,  petrol,  ether  :  live  minutes 
in  carbon  bisulphide.  Nits  were  killed  by  immersion  for  ten  minutes  in 
21  per  cent,  carbolic  acid  or  in  carbon  bisulphide  ;  by  five  minutes  in  2  x^er 
cent,  lysol ;  by  one  to  two  minutes  in  sublimate  vinegar  or  sublimate  glycerine. 
The  use  of  5  per  cent,  carbohc  as  a  head  wash,  applied  for  ten  minutes,  was 
advocated  by  Whitfield  (1912)  for  the  destruction  of  Pediculus  capitis.  Cresol 
soap,  to  w^iich  Mr.  Bagot  refers,  has  been  used  w4th  apparently  satisfactory 
results  in  the  German  army,  and  its  use  was  advised  in  this  country  by 
Copeman.  It  will  be  interesting  to  learn  how  the  method  suggested  by 
Mr.  Bacot  of  applying  carbolic  acid  to  underwear  will  w^ork  out  in  practice. 
Experience  in  the  field  has  shown  that  different  methods  of  deaHng  with  the 
problem  are  required,  and  that  they  must  adapt  themselves  to  the  most  varied 
conditions.  At  times  the  conditions  are  such  that  the  merest  palHatives  are  all 
that  can  be  used.  Even  hand-picking,  if  persisted  in,  has  given  good  results. 
Finally,  a  word  about  dead  or  empty  nits  adhering  to  cloth  ;  1  have  been  asked 
how  these  are  best  removed.  They  can  only  be  removed  mechanically  by 
means  of  a  knife  blade  or  finger  nail,  or  by  singeing  off"  the  fibres  to  which  the 
nits  adhere ;  no  solvent  affects  the  chitin-hke  cement  whicli  glues  the  egg  to 
the  fibre  without  first  destroying  the  fibre. 

Professoi'  Lefroy  :  I  am  astonished  that  Mr.  Bacot  makes  reference 
to  only  one  published  work,  and  that  now,  at  this  stage  of  the  War,  ho 
can  discuss  this  problem,  and  can  bring  forward  no  newer  remedy  than 
naphthalen(3,  and  does  not  even  give  the  credit  due  to  Major  Lelean,  who 
originated  the  N.C.I,  formula  in  the  winter  of  1914-15  or  earlier.  In 
January,  1915,  it  became  known  to  us  at  the  Royal  College  that  vermin  were 
really  bad  at  the  Front ;  that  the  material  used  in  India  as  crude  oil  emulsion 
was  fatal  to  lice,  and  had  been  successfully  used  tliere  for  some  years,  both 
against  head  lice  and  body  lice.  It  was  also  essential  that  a  special  grade  of 
mineral  oil,  containing  a  definite  hydrocarbon,  should  be  used,  as  neither  petrol 
nor  paraffin  weie  deadly  to  lico  as  vapours.  I  had  some  emulsion  made  up, 
and  on  my  recommendation  the  Army  Medical  Service  agreed  to  make  a  trial 
of   it.      This  oil   (;]r)ulsion    came   into   use;  under  the.  nanio  of  "  V(M-ini jolli,"  and 
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was  tested  in  Franco  hy  Ijieutcnant  Gair,  witli  some  fifteen  or  twenty  other 
preparations.  He  reported  in  favour  of  N.C.I,  and  oil  emulsion  jointly,  and  f  am 
informed  that  these  w-ere  officially  issued  at  the  rate  of  'i  oz.  per  man  per  week. 
While  in  India  I  had  this  jjreparationmade  at  the  Medical  Stores  Depot,  l^omhay, 
and  issued  for  use  in  Mesopotamia,  and  I  still  adhere  to  the  opinion  that  this 
emulsion  destroys  lice  if  used  on  the  hody  ;  kills  e^(gs  if  applied  to  them  ;  keeps 
lice  from  infecting  you  if  the  underclothing  is  impregnated  with  it.  I  have 
never  claimed  that  clothing  impregnated  with  it  will  kill  lice.  I  know  of 
nothing  that  can  make  clotliing  deadly  to  lice  except  certain  oils,  theaj^plication 
of  which  presents  difficulties.  Mr.  Bacot,  when  referring  to  vermijelli,  says  : 
"  The  quantity  and  method  of  application  required  for  efficient  protection  witii 
this  remedy  would  make  it  not  only  expensive  hut  disagreeahle.  It  is  question- 
able if  it  acts  otherwise  than  any  heavy  grease,  such  as  the  rancid  butter  of  the 
Cossacks  would  do.  It  is  certainly  ineffective  if  used  up  to  10  per  cent, 
strength  to  impregnate  clothing." 

Mr.  Bacot's  sole  test  of  efficiency  apparently  is  that  the  preparation  must 
be  applicable  to  clothing,  and  that  this  clothing  will  then,  if  w^orn,  clear  you 
of  lice.     This  is  not,  in  my  opinion,  the  louse  problem. 

Mr.  Bacot  bases  his  remarks  on  tests  made  with  lice  enclosed  in  muslin 
bags  placed  under  his  clothing ;  but  he  does  not  seerft  to  have  made  the  proper 
test,  which  is  to  become  verminous  and  then  treat  oneself.  His  laboratory  con- 
clusions, based  on  a  defective  method,  are  contrary  to  the  experience  of  men  at 
the  Front  in  hundreds  and  thousands — men,  officers,  and  ladies,  from  France, 
Serbia,  Mesopotamia  have  testified  in  scores  to  the  efficacy  of  the  oil  emul- 
sion, and  I  still  maintain  that  an  emulsion  of  fuel  oil  of  the  specific  gravity 
and  boiling  point  that  I  refer  to  is  an  efficient  destroyer  of  lice,  if  applied  on 
the  body  in  sufficient  quantity  and  vaporized  under  the  clothing  with  the  heat 
of  the  body.  If  otherwise,  why  has  vermijelli  proved  effectual?  Why  did 
the  Army  Medical  Authorities  adopt  it  ?  For  it  has  filled  a  gap  at  a  critical 
time  in  Serbia,  France,  and  elsewhere.  There  are  doubtless  better  specifics 
now,  but  it  is  not  fair  to  dispose  of  the  oil  emulsion  as  Mr.  Bacot  does. 
The  solution  of  the  problem  is  not  made  clear  by  the  lecturer ;  the  last  para- 
graphs of  his  papfer  refer  to  many  methods,  and  apparently  leave  the  choice 
open.  What  treatment  does  Mr.  Bacot  recommend  to  men  who  are  ver- 
minous and  to  those  exposed  to  vermin  infection  '?  If  he  were  sent  to  a  Front 
what  would  he  do  ?  In  such  circumstances  I  provided  myself  with  the  oil 
emulsion  discarded  by  Mr.  Bacot,  and  I  found  that  it  worked.  The  method 
of  keeping  lice  in  gauze  pockets  fixed  under  the  clothing  does  not  appear  to  be 
any  real  test ;  the  louse  is  very  sensitive,  and  there  is  only  one  real  test : 
be  verminons  and  clear  yourself.  But  Mr.  Bacot  relies  on  an  experimental 
method  which  is  of  doubtful  value.  The  advice  given  by  Mr.  Bacot  appears 
to  be  that  the  soldier  at  the  Front  should  rely  on  the  doubtful  remedies  sent 
to  him  by  his  relatives.  But  as  this  paper  is  entitled  "  The  Louse  Problem," 
it  is  reasonable  to  ask  what  is  to  replace  the  methods  which  have  proved  so  far 
reliable. 
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I  would  further  suggest  that  there  is  scope  for  further  work,  that  the  Hmits 
of  the  investigation  are  perfectly  definite,  and  that  the  body  temperature  is 
the  one  important  factor.  The  Germans  are  reported  to  clear  their  men 
with  cyclo-hexanone  (CoHkiO),  a  compound  related  to  what  I  believe  to  be 
the  active  principle  in  the  fuel  oil  used.  If  I  were  to  attempt  further  work 
with  the  louse,  I  should  commence  to  investigate  the  cyclo-  and  allied 
compounds  contained  in  these  oils.  Mineral  oils  are  composed  of  a  great 
range  of  hydrocarbons,  and  their  insecticidal  action  varies  enormously  ;  the 
fractions  that  come  off  at  temperatures  between  250"  and  400  from  the 
different  oils  differ  in  chemical  composition,  and  it  is  amongst  these  that  I 
believe  the  best  odourless  liquid  will  be  found  that  will  kill  vermin  at  body 
temperature.  I  thought  we  had  it,  but  Mr.  Bacot  does  not  agree.  It  is 
perhaps  going  far  to  dive  into  the  difficult  chemistry  of  the  oils  in  order  to 
obtain  a  vermin  remedy.  Perhaps  I  am  mistaken,  but  Mr.  Bacot  appears  to 
lump  all  these  together  ;  if  so,  I  understand  his  lumping  together  fuel  oil  and 
the  Cossacks'  rancid  butter. 

Lastly,  I  hope  the  Section  will  not  confine  its  discussion  to  the  academic 
and  scientific  aspect  of  the  problem'.  The  thought  that  there  are  hundreds  and 
thousands  of  men  scratching  themselves  at  the  Front  fills  my  mind  to  the 
exclusion  of  the  purely  scientific  aspect  of  this  work,  and  I  look  to  the  attain- 
ment of  some  practical  conclusion  that  will  help  them.  I  trust  that  this  paper 
and  the  discussion  may  not  end  in  talk  only  but  in  some  real  advance  in 
methods  of  treatment. 

■  Mr.  A.  W.  Bacot  (in  reply)  :  Of  special  interest  and  value  are  Professor 
Nuttall's  observations  relative  to  the  minimum  within  which  the  life  cycle 
may  be  completed  ;  his  figure  of  seventeen  days  is  some  three  days  less  than 
the  minimum  of  my  own  series,  and  corresponds  to  a  decided  acceleration 
of   the  rate  of  increase   in  offspring  resulting  from  a  single  pair. 

Professor  Lefroy's  observations  raise  points  which  the  practical  importance 
of  the  problem  compel  me  to  examine  in  some  detail.  I  can,  however,  pass 
over  briefly  the  accusations  of  ignoring  the  work  done  by'previous  investigators. 
So  far  as  these  relate  to  the  purely  biological  aspects  of  the  louse  problem  it  is 
sufficient  to  remark  that  this  paper  only  treats  of  tliem  incidentally,  and  that 
in  the  special  memoir  on  tlie  scientific  questions  involved,  which  I  have 
contributed  to  the  current  number  of  J*arasitolo(jy,^  the  necessary  references 
will  bo  found.  As  to  tlie  priority  of  Major  Lelean  in  connexion  with  the 
practical  use  of  naphtlialene,  a  professor  of  entomology  must  surely  know  that 
naphthalene  had  been  employed  as  an  insecticide  by  hundreds  of  persons  years 
Ijcfore  Major  Lelean  dealt  with  the  sul)ject,  and  tiiat  to  complain  of  the 
omission  of  any  individual's  name  in  connexion  with  it  is  as  reasonable  as  to 
charge  a  writer  recommending  opium,  without  cited  authorities,  with  doing  an 
injustice    to    Sydenhanj.       The    gravamen    of    Professor    Lefroy's    charge    is, 

'  l'(irasit(>lo(jy,  Fuhriuiry,  1917,   ix,  p.  2'.iH. 
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however,  tlireofold  -  vi/.,  [a)  That  my  oxi)erimental  methods  are  faulty; 
(/;)  that  I  have  brought  forward  no  newer  remedies  tlian  naphthalene  ;  and 
(c)  that  J  have  been  unjust  to  the  claims  of  tlie  i)roi)rietary  article  "  vermi- 
jelli." 

(a)  I  need  not  recapitulate  the  experimental  technifpie  carefully  exi)lained 
in  the  text  of  my  paper.  It  is  certainly  true  that  a  remedy  found  effective  as 
against  lice  confined  in  the  manner  described  might  not  be  effective  against 
the  whole  of  a  louse  population  allowed  to  wander  fancy  free  over  one's  body. 
]^ut  it  is  not  less  true  that  a  remedy  which  fails  under  this  method  of 
examination  will  be  futile  when  the  lice  are  given  a  still  better  chance  of 
escaping  its  influence.  My  technique  clearly  provides  the  minimum  standard 
to  be  reached.  If  Professor  Lefroy  has  evolved  a  better  technique,  it  is  his 
duty  to  publish  it  so  that  other  investigators  may  be  able  to  give  it  a  trial. 
Vague  references  to  the  experience  of  even  "  thousands  of  men,  officers  and 
ladies  from  France,"  or  elsewhere,  carry  no  more  w^eight  than  the  similar 
utterances  to  be  found  in  the  advertisement  columns  of  the  daily  press. 

(/))  The  charge  that  I  have  brought  forward  no  new^er  combination  than 
naphthalene  as  a  subject  for  trial  should  be  weighed  against  the  fact  that  the 
paper  deals  with  a  long  series  of  tests  performed  with  various  substances,  and 
a  detailed  method  of  impregnating  underclothing  with  a  solution  of  an  emulsion 
of  crude  carbolic  acid  and  soft  soap.  I  have,  of  course,  no  personal  interest  in 
the  newness  or  otherwise  of  any  remedy.  Professor  Lefroy  indeed  says,  in 
reference  to  "  vermijelli,"  that  "  there  are,  doubtless,  better  specifics  now," 
but  he  has  failed  to  mention  any,  and  there  is  no  published  evidence  that  he 
has  performed  a  single  test  with  any  substance  other  than  crude  mineral  oil. 
emulsion  ;  indeed,  I  cannot  find  that  even  with  respect  to  this  heavy  oil 
emulsion.  Professor  Lefroy  has  made  public  any  controlled  experiments  similar 
to  those  regarded  as  essential  in  ordinary  biological  or  pharmacological 
investigations.  One  would  perhaps  have  thought  that  sucii  elementary 
desiderata  as  range  and  period  of  action,  effect  of  physical  conditions,  effective 
concentration  or  quantity  in  relation  to  area,  would  have  been  made  public  by 
an  investigator  so  solicitous  of  bringing  comfort  to  the  "  thousands  of  men,  &c.," 
and  I  must  regard  the  other  "  thousands  of  men,  officers  and  ladies,  clc.,"  as 
but  phantom  substitutes  for  this  exact  information.  It  is  perhaps  possible 
to  be  scientific  without  l:)eing  in  Professor  Lefroy's  sense  of  the  word 
academic. 

(c)  Professor  Lefroy's  eloquence  in  no  way  moves  me  to  weaken  what  he 
evidently  regards  as  a  censure  of  "  vermijelli."  I  pass  over  his  suggestion, 
rather  than  explicit  statement,  that  "vermijelli  "  derives  specific  virtues  from 
containing  certain  hydrocarbons  of  specific  constitution  ;  no  one,  not  even  the 
'  thousands  of  men,  officers  and  ladies,"  having  produced  any  definite  evidence 
on  the  point.  He  opposes  to  my  remark  that  "vermijelli"  is  certainly 
ineffective,  ko,.,  the  statement  that  "  I  have  never  claimed  that  clothing 
impregnated  witli  it  will  kill  lice."     By  way  of  commentary  on  this  positive 
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assertion  I  will  quote  a  passage  from  a  pamphlet  written  by  Professor  Lefroy 
and  widely  circulated  some  months  ago/ 

"  The  emulsion  should  be  used  in  the  hospital  laundry  as  soap,  or  in  oombination  with 
other  soaps.  The  articles,  after  washing,  should  be  rinsed  in  water  containing  from  1  per 
cent,  to  2  per  cent,  (about  2  oz.  to  the  gallon)  of  the  emulsion,  well  mixed.  They  should  not 
be  wrung  out  too  tightly,  but  allowed  to  dry  so  that  the  clothing  is  impregnated  with  it. 
The  clothes  will  then  confer  protection  against  lice.  Vermin  hatching  out  from  the  eggs 
upon  cloth  that  has  previously  been  treated  in  this  manner  have  been  ionndi  incajyahle  of 
survival.'"      [My  italics.] 

The  difference  between  claiming  that  a  substance  will  kill  lice  and  claiming 
that  it  will  render  them  incapable  of  survival  is  so  subtle  that  I  think  it  a  little 
hard  to  be  condemned  as  unpractical  and  academic  by  a  writer  who  lays  stress 
upon  it. 

To  sum  up,  I  think  the  claims  made  on  behalf  of  "  vermijelli  "  by  its 
vendors  are  in  excess  of  its  real  merits.  My  reasons  for  this  opinion  are  set 
out  in  the  paper  just  read,  and  subsequent  experiments  simply  confirm  these 
results.  When  Professor  Lefroy  sees  fit  to  make  a  quantitative  series  of  trials 
and  publish  the  results  I  shall  willingly  reconsider  the  matter,  but  not  until 
this  is  done. 


'  "Measures  for  Avoidance  of  Flies,  IMosquitocs,  Lice  and  other  Vermin.' 
Lefroy,  M.A.,  F.Z.S. 


H.  Maxwell 
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The  Effect  of  Exposure  to  Temperatures  at  or  above  100°  C.  iqoon 
the  Substance  ( Vitamine)  ivhose  Deficiency  iri  a  Diet  causes 
Polyneuritis  in  Birds  and  Beri-Beri  in  Man. 

By  Harriette  Chick  and  E.  Margaret  Hume. 

(Communicated  hy  Dr.  C.  J.  Martin,  F.R.S.      Keceived  January  10,  1917.) 

(From  the  Lister  Institute.) 

1'lie  influence  of  exposure  to  high  temperatures  upon  the  "vitamine," 
whose  deficiency  in  a  diet  causes  polyneuritis  in  birds  and  beri-beri  in  man, 
is  a  subject  of  great  practical  importance,  chiefly  for  two  reasons.  In  the 
first  place,  it  is  very  necessary  to  know  what  degree  of  destruction,  if  any,  is 
suffered  by  tlie  vitamines  contained  in  ordinary  foodstuffs  during  the  usual 
cooking  processes,  at  or  aljout  100°  C.  In  the  second  place,  there  is  the  case 
of  preserved  foods,  such  as  tinned  meat,  vegetables,  milk,  etc.,  which  are 
sterilised  at  temperatures  above  100°  C.  in  the  process  of  their  manufacture. 
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The  fate  of  the  vitamines  during  this  treatment  becomes  a  vital  matter  where 
preserved  foods  form  the  staple  article  of  a  diet,  as  may  bi;  the  case  with 
troops  on  active  service,  separated  from  fresh  food  supplies. 

In  such  circumstances  tlie  ration  is  usually  completed  witli  bread  or 
biscuit,  and  we  have  made  a  special  investigation  of  the  wheat-grain  and  its 
various  constituents  in  order  to  gauge  the  value  of  the  bread  or  biscuit  in 
such  a  diet.  The  results  of  these  experiments  are  given  in  a  separate 
communication*  which  contains  references  to  the  general  literature  of  beri- 
beri, and  to  which  the  reader  is  also  referred  for  a  detailed  description  of  the 
methods  employed  in  the  present  work. 

Polyneuritis  of  birds  has  been  accepted  as  the  complete  analogy  of  beri- 
beri in  man  and,  for  the  sake  of  brevity,  we  shall  refer  to  the  substance 
whose  absence  in  a  diet  occasions  polyneuritis  in  birds,  or  beri-beri  in  man,  as 
the  "  anti-neuritic  vitamine"  (or  anti-beri-beri  vitamine).  As  regards  the 
influence  of  high  temperatures  upon  this  substance,  a  great  number  of 
isolated  observations  exists  in  the  literature,  but  no  one  hitherto  seems  to 
have  attempted  any  systematic  study  of  the  point.  Grijns  (1901)  showed  that 
1-2  hours'  exposure  to  120°  C.  destroyed  the  protective  properties  against 
polyneuritis  of  unmilled  rice,  ''  Katjang  idjo "  beans,  and  buffalo  meat. 
Eijkman  (1906)  confirmed  Grijns'  results  as  far  as  unmilled  rice  was 
concerned,  but  did  not  succeed  in  destroying  the  anti-neuritic  properties  of 
horse-flesh  by  heating  for  two  hours  at  120°  C.  Schaumann  (1910),  however, 
induced  polyneuritis  in  dogs  with  a  diet  of  horse-flesh  heated  1-3  hours  at 
120°-130°  C,  and  Hoist  (1907)  traced  a  loss  of  anti-neuritic  vitamine  in  beef 
after  heating  to  110°  C.  for  half-an-hour ;  this  loss  was  much  more  marked 
after  one  hour  at  120°  C.  In  the  case  of  dried  peas  or  unpeeled  barley,  on  the 
other  hand,  kept  for  half-an-hour  at  115°  0.,  no  particular  damage  was  done. 
Most  observers  have  not  detected  any  destruction  of  vitamine  at  100°  C. 

In  these  and  other  experiments,  the  temperatures  noted  appear  to  be  those 
registered  by  the  autoclave  or  steamer  used,  no  measurement  being  apparently 
made  in  the  interior  of  the  substance  heated.  This  is  an  important  point,  as 
the  latter  temperature  remains  for  a  surprisingly  long  time  far  below  the 
former  (see  Table  I),  especially  if  the  material  investigated  has  a  low 
conductivity,  which  is  true  of  most  foodstuffs,  especially  if  fairly  dry. 
Further,  no  attempt  has  been  made  to  investigate  the  time  relations  of  the 
destruction  process  of  the  vitamine.  This  is  obviously  an  exceedingly 
difficult  problem,  seeing  that  the  only  available  instrument  for  measurement 
is  so  very  imperfect.  Nevertheless  it  seemed  worth  while  to  make  the 
following  effort. 

*  The  preceding  paper. 
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"Wheat  embryo,  in  which  the  anti-beri-beri  experiment  is  highly  con- 
centrated, was  selected  as  suitable  material  for  the  present  experiments,  and 
50-100  grm.  were  heated  in  a  steam  autoclave  at  different  temperatures  for 
dififerent  intervals  of  time.  It  was  found  that  the  interior  of  the  material 
very  slowly  acquired  the  temperature  of  its  surroundings,  and  special  steps 
were  taken  to  ascertain  the  exact  temperatures  experienced.  In  cases  where 
the  material  was  steamed  at  100°  C.  (Expts.  2  and  3,  Table  I)  the  real  internal 
temperature  was  measured  by  means  of  a  maximum  thermometer,  whose  bulb 
was  inserted  in  the  middle  of  the  mass  to  be  heated,  and  whose  stem 
projected  through  the  neck  of  the  bottle  containing  it.  The  whole  was  lifted 
from  the  steamer  for  an  instant  at  intervals  of  about  20  minutes,  in  order  to 
obtain  readings  from  the  thermometer  and  to  construct  a  curve  of  rise  of 
temperature.  In  case  of  temperatures  above  100°  C.  this  procedure  is  not 
possible,  and  it  was  necessary  to  make  special  control  experiments  in  which 
similar  amounts  of  similar  material  were  placed  under  exactly  the  same 
conditions  as  those  of  the  actual  test.  Steam  was  blown  off  after  various 
intervals  of  time  from  the  start,  the  autoclave  opened  and  note  taken  of  the 
maximum  temperatures  registered  both  inside  the  vessel  containing  the 
wheat  germ,  and  outside  in  the  autoclave.  By  means  of  a  series  of  such 
tests  made  separately,  a  temperature  curve  was  constructed  from  which  an 
accurate  estimate  could  be  made  of  the  temperatures  actually  experienced  by 
the  material  exposed.  The  data  upon  these  points  are  set  forth  in  the  first 
three  columns  of  Table  I,  above. 

The  experiments  fall  into  two  classes  (a)  those  at  or  near  100°  C,  devised 
to  be  applicable  to  the  ordinary  processes  of  cooking,  and  {h)  those  above 
100°  C,  intended  to  give  information  as  to  what  may  be  expected  to  happen 
during  sterilisation  of  tinned  and  canned  foods.  The  effect  on  the  properties 
of  the  wheat  germ  of  exposure  to  these  temperatures  was  studied  by  the 
following  method.  Comparison  was  made  of  the  minimum  doses  of 
(a)  original  and  {h)  heated  germ  required  to  cure  pigeons  (of  weight 
300-400  grm.)  acutely  ill  with  polyneuritis,  brought  on  by  an  exclusive  diet 
of  polished  rice.  From  the  results  given  in  Table  I  it  is  seen  that  destruction 
of  the  anti-neuritic  vitamine  progresses  very  slowly  at  100°  C.  or  thereabouts. 
In  fact,  after  two  hours'  exposure  to  such  a  temperature  (Expt.  3)  our 
experiments  fail  to  reveal  any  significant  loss  in  anti-neuritic  properties — 
the  curative  dose  of  the  heated  "  germ  "  remaining  about  2*5  grm.,  the  same 
as  that  of  the  unheated  material  (Expt.  1).  After  exposure  for  40  minutes 
to  a  mean  temperature  of  aljout  \V,f  C.  the  efficiency,  compared  with  the 
unheated  control,  is  reduced  to  about  one-lialf,  and  after  subjection  to 
118°-124°  C  for  two  hours,  to  something  less  than  a  quarter,  possibly  to 
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one-tenth.  The  results  in  this  series  reveal  all  tlie  imperfections  alluded  to 
elsewhere  (see  preceding  paper)  by  the  authors  as  peculiar  to  tlie  curative  type 
of  experiment. 

The  material  used  in  these  experiments  liad  rather  a  low  water  content, 
10  per  cent.,  and  the  vitamine  present  might  be  supposed  to  be  protected 
from  destruction  on  that  score.  A  similar  set  of  data  are  now  being  obtained, 
using  a  soluble  yeast  extract,  containing  over  60  per  cent,  water,  whose 
vitiimine  content,  reckoned  on  dry  weight,  is  of  about  the  same  order  as  that 
of  wheat  germ.  These  experiments  are  not  yet  complete,  but  enough  results 
have  been  already  obtained  to  show  that  the  extra  water  present  durnig  the 
heating  has  not  enhanced  at  all  the  destructive  effect  of  high  temperatures 
upon  the  active  substance. 

It  is  therefore  justifiable  to  apply  the  results  obtained  above  with  pure 
wheat  germ  to  such  processes  as  the  baking  of  bread,  biscuit,  etc.,  where  the 
water  content  may  approach  50  per  cent.  The  time  taken  to  bake  an 
average  loaf  does  not  exceed  one  hour,  and  the  internal  temperature  rises  to 
about  101°  C.  We  may  therefore .  conclude  that,  if  wheat  germ  is  included 
in  the  flour  from  which  the  bread  is  made,  its  anti-neuritic  (anti-beri-beri) 
properties  will  survive  the  baking  process,  suffering  very  little  damage. 

The  rapid  destruction  of  anti-neuritic  vitamine  in  the  neighbourhood  of 
120°  C.  suggests  that  many  tinned  foods  will  be  found  deficient  in  respect  of 
this  constituent,  and  such  we  have  found  to  be  the  case.  We  have  examined 
two  samples  of  army  "  meat  and  vegetable  ration."  In  order  to  concentrate 
any  vitamines  they  might  contain,  we  extracted  the  air-dried  material  with 
alcohol  (see  Cooper,  1913,  and  H.  C.  and  E.  M.  H.,  loc.  eit,  p.  46),  taking  up 
the  residue,  after  evaporating  the  alcohol  under  reduced  pressure,  with  a 
small  amount  of  water.  In  the  case  of  Eation  A,  a  very  slight  improvement 
in  symptoms,  but  nothing  approaching  a  cure,  was  obtained  after  administra- 
tion of  an  extract  equivalent  to  350  grm.  (112  grm.  dry  weight),  and  in  case 
of  Eation  B,  an  incomplete  cure  after  the  equivalent  of  440  grm.  (106  grm. 
dry  weight).  Working  with  fresh  meat,  and  using  a  similar  method. 
Cooper  (1913)  obtained  cures  with  the  equivalent  of  140  grm.  (  =  30  grm. 
dry  weight).  In  the  two  preserved  "  rations '"'  there  would  therefore  appear 
to  have  been  extensive  destruction    of  anti-beri-beri  properties  during  the 

process  of  manufacture. 

Summary  and  Conclusions. 

1.  Exposure  of  wheat  embryo  to  a  temperature  of  about  100°  C.  for  two 
hours  resulted  in  no  significant  loss  in  anti-neuritic  "  vitamine."  If,  therefore, 
it  is  included  in  the  flour  from  which  bread  or  biscuit  is  made,  it  can  be  relied 
upon  to  retain  its  anti-neuritic  properties  after  baking. 
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2.  At  temperatures  in  the  neighbourhood  of  120°  C,  however,  there  was  a 
swift  destruction  of  anti-neuritic  properties.  This  fact  has  an  important 
bearing  where  diets  are  largely  composed  of  preserved  and  tinned  foods 
previously  sterilised  at  temperatures  above  100°  C. 

[Addendum  received  August  2,  1917. — Since  the  above  paper  was  written 
the  experiments  with  yeast  extract  alluded  to  on  p.  65  have  been  completed 
and  the  results  set  forth  in  Table  II,  above. 

The  material  used  was  a  soluble  yeast  extract,  made  up  to  a  solution  of 
convenient  strength  ;  it  contained  about  35  per  cent,  of  solids  and  65  per 
cent,  of  water.  As  before,  the  heating  was  done  in  a  steam  autoclave ;  the 
solutions  to  be  heated  were  placed  in  large-sized  test-tubes,  in  quantities  not 
exceeding  100  c.c.  With  this  volume  of  liquid  it  was  found  that  there  was 
no  significant  delay  in  acquiring  the  temperature  of  the  autoclave,  if  the  test 
tube  were  placed  in  position  while  the  latter  was  still  cool. 

The  results  obtained  offer  an  interesting  comparison  with  those  of  Table  I 
above,  where  the  substance  heated  (wheat  germ)  was  comparatively  dry 
(water  content  10  to  14  per  cent.).  When  due  allowance  is  made  for  the 
large  margin  of  error  inherent  in  this  type  of  experiment  (see  preceding  paper, 
and  p.  65,  above),  the  results  of  Tables  I  and  II  are  found  to  be  in  reasonable 
accord  with  one  another.  After  exposure  to  100°  C.  for  one  hour,  slight  loss 
of  vitamine  is  evident  in  the  yeast  extract,  a  greater  loss  apparently  than  took 
place  with  the  wheat  embryo  at  this  temperature,  see  Table  I,  Expts.  2  and  3. 
This  may  possibly  be  due  to  the  excess  of  water  contained  in  the  extract. 
In  the  neighbourhood  of  120°  C.  destruction  of  the  vitamine  was  rapid  in 
both  cases.] 
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The  Distrihutioii  in  Wheat,  Rice,  and  Maize  Grains  of  the 
Substance,  the  Deficiency  of  which  in  a  Diet  causes  Poly- 
neuritis in  Birds  and  Beri-heri  in  Man. 

By  Hakeiette  Chick  and  E.  Margaret  Hume. 

(Communicated  by  Dr.  C.  J.  Martin,  F.R.S.     Eeceived  January  10,  1917.) 

(From  the  Lister  Institute.) 

Our  attention  was  turned  to  this  subject  by  the  reported  occurrence  of 
beri-beri  among  our  forces  in  the  Dardanelles  and  Mesopotamia  during  the 
autumn  and  winter  of  1915  (see  Wilcox,  1916,  I  and  II).  Owing  to  the 
exigencies  of  the  military  situation,  many  individuals  in  these  regions  subsisted 
for  considerable  periods  mainly  on  tinned  meat,  jam  and  white  bread  (or 
biscuit  baked  principally  from  white  flour).  Beri-beri  has  in  recent  years 
been  included  among  the  deficiency  diseases,  and  there  was  therefore  good 
presumptive  evidence  that  the  diet  had  been  at  fault.  We  examined  two 
.samples  of  tinned  meat-and- vegetable  ration  l)y  the  methods  described  below, 
and  found,  as  was  to  be  expected,  that  the  substances  preventing  beri-beri 
in  the  fresh  materials  had  not  survived  the  heat-sterilisation  undergone  in  the 
process  of  canning.  The  case  of  bread  and  biscuit  demanded  a  more  extended 
investigation,  and  the  present  work  is  conccjrned  with  the  nutritive  properties 
of  cereals  generally,  especially  wheat. 

One  menil)er  of  this  grou]),  viz.,  rice,  has  been  exhaustively  studied  in 
recent  years,  and  the  work,  among  others,  of  Eijkman,  Grijns,  and  Braddon 
has  established  the  etiology  of  tropical  beri-heri  in  a  deficiency  in  the  diet  of 
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rice-eating  people,  caused  by  tlie  removal  of  certain  materials  from  the  grain 
during  milling.  The  presence  in  the  rice-bran  or  rice  ])olishing8  of  a 
substance  essential  for  nutrition  has  been  demonstrated  by  many  observers, 
including  those  named  above,  and  also  by  Schaumann  (1910),  to  whom  and  to 
Funk  (1913)  the  reader  is  referred  for  a  complete  bibliography  upon  the 
subject.  Funk  (1912)  adopted  the  term  "vitamine"  for  this  essential 
material,  and  for  the  sake  of  brevity  we  shall  use  the  expression  "  anti-neuritic 
vitamine  "*  to  express  the  substance  whose  absence  in  a  diet  causes  beri-beri. 
The  vitamine  in  the  rice  grain  was  supposed  to  be  contained  in  the  layer  of 
cells  rich  in  protein  (aleurone-layer)  situated  immediately  underneath  the 
pericarp  of  the  husked  grain.  These  cells  form  the  outer  layer  of  the 
endosperm,  but  are  removed  with  the  bran  during  milling. 

As  a  result  of  experiments  made  chiefly  with  wheat,  but  also  including  rice 
and  maize  for  purposes  of  comparison,  we  have  reached  the  conclusion  that 
the  more  important  receptacle  of  the  anti-beri-beri  vitamine  is  the  embryo  or 
germ,  and  not  the  pericarp,  of  the  grain.  In  the  case  of  wheat,  there  are 
already  some  facts  in  the  literature  which  indicate  such  a  conclusion,  but  the 
exact  composition  of  the  materials  employed  in  those  researches  was  not 
sufficiently  controlled  for  any  dogmatic  conclusion  to  be  drawn.  For  example. 
Hoist  (1907)  and  Edie  and  Simpson  (1911)  have  shown  that  a  diet  of  white 
bread  (milled  wheat-endosperm)  will  induce  polyneuritis  (beri-beri)  in  pigeons 
in  the  same  manner  as  polished  rice  (milled  rice-endosperm),  and  the  latter 
observers  proved  that  birds  would  remain  well  and  healthy  if  (a)  whole-meal 
bread  or  (b)  "  standard "  bread  is  used  instead.  The  last-named  article, 
however^  in  spite  of  its  title,  has  no  standard  composition ;  it  is  generally 
made  from  white  flour  containing  an  addition  of  wheat  germ  and  compara- 
tively little  bran.  Hill  and  Flack  (1911)  demonstrated  the  inferior  nutritive 
properties  of  white  bread  compared  with  "  whole-meal  "  or  "  standard  "  bread 
in  the  case  of  young  rats.  They  further  showed  that  satisfactory  growth 
could  be  induced  if  a  proportion  of  wheat  germ  were  added  to  a  diet  of  white 
bread,  and  it  was  at  Dr.  Flack's  suggestion  that  we  turned  our  attention  to 
wheat  germ  in  the  hope  that  the  subject  would  repay  study.  Quite  recently 
McCoUum  and  Davis  (1915)  have  found  that  young  rats  will  thrive  upon  a 
diet  of  polished  rice,  butter  fat  and  salts  to  which  either  wheat  embryo  or  rice 
polishings  are  added ;  they  have  suggested  that  the  curative  value  of  rice 
polishings  for  polyneuritis  of  birds  might  be  attributed  to  the  rice  embryo 
removed  with  the  pericarp  rather  than  to  the  bran  itself. 

*  This  expression  is  also  convenient  to  mark  a  distinction  from  those  substances 
equally  essential  in  a  human  diet,  for  the  prevention  of  scurvy,  which  may  be  referred 
to  as  "  anti-scorbutic  vitamines." 
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The  modern  "  roller  "  luilling  of  wheat  effects  so  perfect  a  separation  of  the 

constituent  parts  of  the  grain  that  trustworthy  material  for  experiment  is 

readily  obtained.     During  the  "  break  "  of  the  grain  by  the  rollers  the  pericarp, 

being  brittle,  is  broken  up  into  bran,  while  the  embryo,  being  soft  and  oily,  is 

squeezed  out  flat.     The  subsequent  operations  of  milling,  which  include  such 

processes  as  sieving,  fanning  and  centrifuging,  lead  to  a  complete  separation 

of  these  two  products.     With  rice,  however,  this  is  not  the  case,  and  the  few 

experiments  we  made  with  rice  germ  were  made  with  materials  separated  by 

hand  in  the  laboratory. 

Methods  Employed. 

Polyneuritis  of  birds  has  been  accepted  as  analogous  to  beri-beri  in  human 
beings  with  regard  to  etiology,  symptoms,  and  methods  of  cure.  The  following 
experiments  were,  therefore,  made  with  pigeons  of  300-400  grm.  weight,  and 
were  of  two  kinds,  the  methods  adopted  being  in  principle  those  used  by 
Cooper  (1913  and  1914),  working  in  this  Institute. 

(1)  Preventive,  in  which  determination  was  made  of  the  minimum  amounts 
of  the  various  materials  in  question,  that  must  be  added  to  a  (relatively) 
vitamine-free  diet  in  order  to  prevent  the  occurrence  of  polyneuritis.  Polished 
rice,  about  40  grm.  daily,  formed  the  vitamine-free  diet,  and  prevention  was 
considered  to  be  successfully  accomplished  if  the  bird  showed  no  symptoms  of 
polyneuritis  after  a  period  of  about  60  days.  Unprotected  birds  usually 
developed  symptoms  in  15-25  days. 

(2)  Curative,  in  which  determination  was  made  of  the  minimal  amount 
which,  administered  by  the  mouth,  would  cure  a  bird  suffering  from  acute 
polyneuritis.  A  bird  in  this  condition,  brought  on  by  an  exclusive  diet  of 
polished  rice,  will  usually  die  within  24-48  hours  if  not  treated.  In  order  to 
be  able  to  administer  the  requisite  amount  of  curative  substance  in  time 
Cooper  {loc.  cit.)  concentrated  the  vitamines  by  extracting  the  air-dried 
material  with  absolute  alcohol  in  the  cold  and  evaporating  the  alcoholic 
extract  to  dryness  under  reduced  pressure.  This  residue  was  taken  up  in  a 
small  volume  of  water  and  definite  quantities  were  given  by  the  mouth,  the 
doses  being  reckoned  in  terms  of  the  original  foodstuffs.  We  found  it  possible, 
however,  in  most  cases,  to  give  the  curative  doses  of  the  original  materials 
without  preliminary  extraction.  By  this  means  we  gained  a  better  idea  of 
their  absolute  vitamine  value  in  the  natural  condition,  and  avoided  the  loss 
due  to  the  extraction  processes.  Our  method,  however,  has  its  drawbacks,  as, 
unless  the  crop  of  the  bird  is  fairly  empty  at  the  time  when  a  cure  is  essayed, 
digestion  and  absorption  will  be  slow  and  difhcult.  In  addition,  these 
processes  are  frequently  interfered  with  by  the  paralysis  of  the  bird,  so  that 
cures  are  often  slow  (24  hours  to  3  or  4  days)  in  progress,  and  it  is  unusual 
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lo  see  the  swift  ilniiiuitie  cluiiiL>es  (in  6-24  liuiu's)  so  typical  oi*  the  cure  of 
polyneuritis  in  birds,  when  the  vitamine  is  administered  in  a  soluble  form. 
Nevertheless,  with  the  exception  of  a  small  proportion  of  cases,  where  the 
character  of  the  symptoms  and  tlie  general  condition  were  unsuitable,  cures 
can  usually  be  accomplished  if  the  amount  of  vitamine  given  is  adequate. 
Some  examples  are  given  in  Tables  V  and  VI  below,  in  which  similar  material 
was  used  for  cures  both  before  and  after  concentration  of  the  active  substance 
by  extraction.  In  the  case  of  wdieat  germ,  the  curative  dose  was  found  to  Ije 
equal  to  2*5  grm.  of  the  original  material ;  after  extraction,  the  equivalent  of 
15  grm.  was  required,  which  result  shows  the  large  proportion  of  vitamine 
lost  by  the  extraction  process. 

In  the  case  of  comparative  curative  experiments  the  difficulty  is,  firstly, 
to  form  a  judgment  of  the  severity  of  the  symptoms,  and,  secondly,  to  obtain 
a  sufficiency  of  acute  cases  in  which  this  shall  be  approximately  equal.  This 
difficulty  was  not  altogether  overcome,  as  will  be  seen  in  the  somewhat 
irregular  results  of  the  experiments  described  below,  especially  those  set 
forth  in  Table  VI.  Preventive  experiments  form  the  more  satisfactory 
method  of  estimating  the  vitamine-content  in  foodstuffs  and  yield  much 
more  regular  results.  The  drawback  is  that  they  take  at  least  two  months 
to  complete,  and,  if  adopted  exclusively,  would  limit  the  scope  of  any 
enquiry. 

Teeding  was  artificial  in  both  cases  and  the  rice  rations  given  in  the  Tables 
must  be  regarded  as  approximate  only,  since  the  birds  frequently  vomited 
small  amounts  after  feeding.  In  case  of  the  wheat-bran  and  wheat-germ 
rations,  no  significant  amount  of  vomiting  was  noticed,  nor  was  the  rice 
vomited  when  these  substances  were  added  to  the  diet. 

Wheat  Emhryo. — Tables  I  and  II  give  the  results  of  preventive  experi- 
ments with  two  different  samples  of  wheat  germ,  and  in  each  case  a  series 
of  Inrds  was  arranged  to  act  as  control,  with  a  diet  consisting  exclusively 
of  polished  rice.  The  results  of  these  two  sets  of  experiments  are  in  con- 
cordance ;  in  both  a  ration  of  3  grm.  wheat  germ,  given  every  second  day, 
was  found  to  afford  complete  protection  from  polyneuritis.  With  2  grm. 
every  second  day,  half  the  birds  used  in  each  experiment  were  protected. 

Wheat  Bran. — The  wheat  bran  used  for  comparison  with  the  wheat  germ 
was  what  is  known  as  "  Broad  bran,"  and  the  sample  R.I.  (Table  III)  was 
obtained  from  the  same  wheat  as  germ  R.I.  (Table  II)  and  white  flour  R.I. 
(Table  IV).  It  consisted  of  large  particles,  and  in  its  thickness  comprised 
all  the  outer  layers  of  the  grain.  Traces  of  the  starchy  endosperm  were 
visible  upon  the  inside  surface,  and  the  presence  of  the  aleurone-layer  was 
demonstrated  by  sections.     The  sample  R.I.   was  obtained  from  a  modern 
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roUer-iuill,  iuij  may  bo  regarded  as  free  froiri  germ,  liirds  reeeiviiig  a  ration 
of  3  grm.  every  second  day  developed  polyneuritis  in  the  same  time  as  those 
upon  an  exclusive  polished  rice  (Het;  with  5  grm.  every  second  day  the  onset 
of  symptoms  was  postponed  for  about  two  weeks.  If  tlie  results  of  Table  III 
be  compared  with  Table  II  one  may  regard  the  anti-neuritie  value  of  5  grm. 
of  broad  bran  as  equivalent  to  1'5  grm.  germ. 

On  general  grounds  it  would  seem  not  unlikely  that  what  value  the  bran 
possesses  must  be  attributed  to  the  aleurone-layer,  which  forms  only  a 
small  proportion  of  the  whole.  Ham  ill  (1911)  states  that  the  aleurone-layer 
forms  about  4  per  cent,  of  the  grain  and  the  pericarp  about  15  per  cent.  He 
gives  no  authority  for  these  figures,  and  it  is  difticult  to  see  that  they  can 
be  other  than  approximate.  On  this  basis,  the  aleurone-layer  would  con- 
stitute about  one-fifth  of  the  bran,  and,  weight  for  weight,  be  about  equal  to 
the  embryo  as  regards  vitamine-content. 

It  is  interesting  to  note  the  greater  anti-neuritic  power  of  the  broad 
bran  derived  from  stone-milled  wheat  (see  Sample  A,  Table  III).  In 
this  case  no  separation  of  the  germ  is  effected,  in  the  milling,  and  each  con- 
stituent issuing  from  the  mill  contains  some  of  it. 


Table  IV.— Influence  of  a  Diet  of  "  Straight  Run  "  White  Wheat  Flour  in 
Comparison  witli  a  Diet  of  Polished  Rice.  Sample  of  Flour  "  R.I.," 
roller  milled,  free  from  germ  and  bran,  from  same  wheat  as  Germ  R.I. 
and  Broad  Bran  R.I. 


White 

flour 

ration, 

daily. 

1 

Polished 

No. 

Time  elapsing 

Weight 

of  bird. 

Change  in  weight 

rice  ration. 

of 

before  onset  of 

during  period  of 

daily. 

bird. 

polyneuritis. 

Original. 

Final. 

experiment. 

! 

mean. 

mean. 

grm. 

grm. 

days. 

days. 

grm. 

grm. 

per  cent. 

per  cent. 

0 

About  40 

256 

15 

416 

387 

-  7 

257 

32 

450 

345 

-23 

258 

18 

455 

370 

-19 

259 

14 

449 

372 

-17 

262 

30 

22 

507 

365 

-28 

-19 

20-30 

0 

260 

16 

506 

465 

-  8 

261 

28 

515 

402 

-22 

1 
1 

263 

13 

19 

485 

435 

-10 

-13 

Wheat  Endosperm. — In  Table  IV  are  given  the  results  on  pigeons  of  an 
exclusive  diet  of  "  straight  run  "  white  flour,  or  starchy  wheat  endosperm 
(after  removal  of  the  aleurone-layer),  the  sample  employed,  viz.,  R.I., 
corresponding  to  bran  R.I.  (Table  III)  and  germ  R.I.  (Table  II).  The  birds 
received  20-30   grm.  daily,  made  into   pills  after  mixing  with  a   minimal 
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amount  of  water.  By  experience  this  ration  was  found  to  be  as  mucli  as 
they  could  assimilate.  Polyneuritis  occurred  in  each  instance,  and  the  time 
of  onset  was,  if  anything,  rather  earlier  than  that  occurring  with  a  series  of 
control  birds  fed  on  polished  rice.  There  was  also  no  significant  difference 
in  the  loss  of  weight  suffered  by  the  birds  in  the  two  series  of  experiments. 


Citrative  Erperinients. 

In  Table  V  are  given  the  results  of  some  curative  experiments  made  with 
(1)  wheat  germ,  and  (2)  wheat  "  middlings,"  or  the  finely  ground  bran,  which 
is  probably  not  free  from  admixture  with  germ.  In  both  cases  the 
vitamines  were  concentrated  by  the  extraction  process  with  alcohol  described 
above  (p.  46).  The  relative  curative  values  of  these  two  materials  were 
found  to  be  in  the  ratio  of  about  5*5  to  1,  if  we  judge  by  the  "great 
improvement  "  obtaiiied  with  the  extracts  equivalent  to  9  and  50  grm.  respec- 
tively in  the  two  instances. 

It  is  necessary  to  define  here  what  is  meant  by  the  various  types  of  cure 
described  in  Tables  V  and  VI.  The  expression  'complete  cure"  indicates 
that  both  flight  and  gait  were  perfectly  restored ;  "  cure  "  that  one  or  both 
remained  slightly  imperfect,  while  "  incomplete  cure  "  is  used  to  describe  a 
rather  less  satisfactory  condition.     The  birds  before  treatment  were  acutely 

Table  V. — Comparison  of  Minimum  Amounts  of  Wheat  (jlerm  and  Wheat 
Bran  required  to  cure  Pigeons  (300-400  grm.)  suffering  from  Acute 
Polyneuritis  induced  by  a  Diet  of  Polished  Kice.  The  materials  were 
extracted  with  alcohol  and  the  residues  obtained,  after  evaporation  of 
the  alcohol,  taken  up  with  water.  Doses  reckoned  in  amounts  of  the 
original  foodstuff  taken. 


Amount  o 

f  curative 

dose  given. 

No. 

of 

Result. 

Description  of  material. 

bird. 

In  terms  of 

natural 

foodstuff. 

In  terms  of 

dry 

weight. 

grm. 

grm. 

Wheat    (^enn,   Sani))]e    .A,   water 

HS 

10 

8-7 

Orcat  improvement. 

content  IIJ  per  cent. 

H;i 

15 

13  •() 

Complete  cure.                   ! 

of) 

15 

13  0 

Com])letc  (ture. 

W.) 

20 

17-4 

ComphMc  cure. 

"  Middlings,"  or  fine  ulieat  hrun, 

104 

28 

25 

Im])rovemeiit,  no  cure. 

proV)ably   not   free  from   germ, 

114 

56 

50 

Improvement,  no  cure. 

1     water  content  1 1  per  cent. 

129 

50 

50 

Great  improvement. 
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Tabic  VI. — Miuiniuni  Amount  uf  Wheat  Embryo  re([uired  to  cure  Pigeons 
(300 — 400  grm.  weight),  suffering  from  Acute  PolyneuritiR  induced  by  a  diet  of 
Polished  Pice.  Mateiial  administered  by  tlic  moutli,  without  preliminary  extrac- 
tion, as  boluses  made  witli  a  little  water. 


Amount  ( 

f  curative 

Description  of 
material. 

No. 

do 

sc. 

No.  of 
days 
cure 

lasted. 

'lime 

of 
sicken- 
ing. 

of 
bird. 

In  terms 

of 
foodstuif. 

In  terms 

of  dry 

weight.* 

Eesult. 

Nature  of  symjitoms. 

Wheat  -  embryo, 

147 

grm. 
1-0 

grm. 
0-9 

Improvement 

3 

■ 
Lameness 

days. 
23 

Sample  B,  con- 
taining     about 

161 
162 

o  o 

I— 1  1— 1 

0-9 
0-9 

Complete   cure 

No  improvement,  died 

5 

Head  symptoms 
Head   symptoms  and 

14 
17 

15  per  cent,  fine 

crop-bound 

bran  ;        water 

220 

1-0 

0-9 

Died  after  24  hours 

— 

Head  symptoms  and 

23 

content  11   per 

lameness 

cent. 

221 

1-0 

0-9 

Died  after  48  hours 

Head           symptoms, 
lameness  and  crop- 
bound 

23 

131 

2-5 

2-2 

Complete  cure 

9 

Head  symptoms  and 
lameness 

24 

164 

2-5 

2-2 

Yery  slight  improve- 
ment for  24  hours 

— 

Lameness    and    crop- 
bound 

26 

232 

2-5 

2-2 

Died 

— 

Head  symptoms 

12 

234 

2-5 

2-2 

Complete  cure 

9 

Head  symptoms 

18 

236 

2-5 

2-2 

Complete  cure 

8 

Head  symptoms 

22 

*  After  heating  to  100-110''  C. 

ill,  and  were  usually  quite  helpless  ;  by  the  term  "improvement"  is  meant 
that  the  acute  symptoms  subsided,  and  that  the  bird  was  out  of  danger  for 
a  time.  It  should  be  added,  perhaps,  that  these  expressions  deal  with 
symptoms  alone,  and  that  nothing  is  assumed  with  regard  to  the  actual 
lesions.  It  is  obviously  impossible  that  if  axon  degeneration  is  present  this 
can  be  restored  in  the  short  period  occupied  by  the  "''  cure."  The  quality 
of  the  cure  was  also  studied  by  continuing  the  diet  of  polished  rice  and 
noting  the  time  elapsing  before  the  recurrence  of  polyneuritis  symptoms. 

Further  curative  experiments  with  wheat  germ  are  set  forth  in  Table  VI. 
Here  no  extraction  with  alcohol  took  place,  but  the  moistened  germ  was 
given  in  the  form  of  boluses,  which  were  readily  swallowed  by  the  bird. 
The  results  of  this  experiment,  compared  with  those  given  in  Table  V, 
show  how  great  is  the  loss  of  vitamine  due  to  the  extraction  process,  and 
how  small,  comparatively  (from  1  to  2*5  grm.),  is  the  amount  of  wheat  germ 
required  to  effect  a  cure  when  given  in  the  natural  condition. 

The  results  also  show  the  degree  of  irregularity  that  must  be  expected  in 
this   type   of   experiment   (see   above,  p.  47).      This   is    doubtless    due   to 
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differences  iu  the  nature  and  severity  of  the  symptoms  in  the  different  birds, 
all  of  whom  were  acutely  ill,  and  in  certain  cases  also  to  difficulty  in 
digesting  and  absorbing  the  curative  material.  Those  cases  in  which  the 
action  of  the  crop  was  affected  l)y  polyneuritis  are  by  far  the  hardest  to 
cure,  and  probably  should  be  disregarded  in  any  attempt  to  estimate 
vitamine-content  in  the  substances  administered  as  cures. 

From  Table  YI  one  may  conclude  that  2*5  grm.  of  wheat  embryo  may 
generally  be  relied  upon  to  cure  acute  polyneuritis  in  a  pigeon  of 
300-400  grm.  weight ;  at  the  same  time,  cures  were  obtained,  exceptionally, 
with  1  grm.,  and  occasionally  with  1'5  and  2  grm. 

For  comparison  with  the  above,  some  curative  experiments  were  made 
with  "  broad  bran,"  this  being  again  chosen  as  likely  to  provide  a  specimen 
of  pericarp  free  from  any  admixture  of  germ.  In  one  case  we  failed  to 
effect  a  complete  cure  with  10  grm.,  and  in  another  we  obtained  no 
improvement  with  5  grm.,  while  in  a  third  instance  we  obtained  a  cure  with 
5  grm.  These  experiments  present  special  difficulties  as  regards  their 
correct  interpretation ;  the  bran  is  very  bulky,  the  dose  is  large,  and 
difficulties  of  absorption  correspondingly  enhanced.  In  fact,  a  much  more 
trustworthy  estimate  of  the  relative  vitamine  values  of  wheat  pericarp  and 
embryo,  weight  for  weight,  are  obtained  when  the  vitamines  are  concen- 
trated and  administered  in  a  soluble  form  as  in  Table  V  (1  :  5'5),  or,  better 
still,  when  the  results  of  preventive  experiments  are  used  to  make  the 
comparison  (I'o  :  5,  see  Tables  I-III).  I 


Rice. 

We  have  only  made  a  few  preliminary  experiments  with  rice,  owing  to 
the  difficulty  in  obtaining  material.  Some  little  work  has,  however,  been 
accomplished,  using  rice  embryo  separated  from  the  unmilled  grain  by  hand, 
in  the  laboratory.  The  rice  embryo  is  extremely  small,  and  amounts  only  to 
about  2-5  per  cent,  by  weight  of  the  husked  grain,  so  that  the  work  is 
exceedingly  laborious ;  only  a  small  amount  of  material  was  obtained,  and 
all  the  experiments  were  perforce  of  the  curative  type.  The  rice-bran  used 
for  comparison  was  a  sample  kindly  furnished  by  a  firm  of  rice  millers,  and 
contained  Ijotli  pericarp  and  embryo.  The  experiments  with  embryo 
demonstrated  the  high  concentration  of  vitamine  in  tliis  organ  ;  the  birds 
showed  sonie  improvement  in  symptoms  after  administration  of  0*3  grm., 
and  better  results,  almost  amounting  to  cures,  after  0*5  grm.,  while  a  dose  of 
1  grm.  gave  a  complete  cure  lasting  nine  days.  In  case  of  the  bran,  a 
distinct  improvement  was  manifested  on  one  oc(;asion  after  receiving 
4  and  6  grm.    respectively.     In    one    case    improvement    was  also    noticed 
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after  5  grm.,  and  in  a  second  cane,  not  so  severe  an  Llic  lirst,  a  complete  cure 
was  effected.  Complete  cures  were  obtained  after  doses  of  8  and  10  grm.  on 
more  than  one  occasion. 

A  few  trials  have  been  made  with  maize  embryo,  which  also  has  proved  to 
be  very  rich  in  anti-neuritic  vitamine.  In  this  cereal  the  em})ryo  is 
comparatively  large,  and  it  was  easily  picked  out  by  hand,  especially  if 
the  grain  were  soaked  in  water  overnight.  After  this  treatment  the 
embryo  amounted  to  15  per  cent,  by  weight  of  the  entire  grain.  In  the 
case  of  maize,  the  plumule  (shoot)  and  radicle  (root)  of  the  embryo  can  be 
separated  with  ease  from  the  scutellum,  which  organ  is  exceedingly  large, 
and  amounts  to  about  12*5  per  cent,  of  the  soaked  grain,  while  the  plantlet 
comprises  the  remaining  2'o  per  cent.  Both  parts  of  the  embryo,  however, 
proved  to  be  receptacles  of  vitamine.      Cures  were  achieved  with    1    and 

2  grm.  of  the  wetted  plantlet  (equivalent  to  0*6  and  0*7  grm.  dry  weight 
respectively).  A  complete  cure,  lasting  13  days,  followed  a  dose  of  2  grm. 
(dry  weight)  of  the  entire  germ  (scutellum,  plumule,  and  radicle),  and  a  less 
satisfactory  result  with  3  grm.  (dry  weight)  of  scutellum.  Smaller  quantities 
than  these  were  not  given,  and  it  is  hoped  later  to  investigate  this  cereal 
further. 

Relation  hehueen  the  Preventive  Ration  and  the  Curative  Dose. 

A  very  curious  result  has  emerged  from  the  foregoing  experiments,  viz., 
the  very  close  approximation  between  the  daily  ration  of  wheat  germ 
required  to  prevent  the  onset  of  polyneuritis,  and  the  dose  necessary  to  cure 
a  bird  in  the  acute  condition.  While  3  grm.  must  be  added  every  second 
day  to  a  diet  of  polished  rice,  to  prevent  polyneuritis  with  certainty  (see 
Tables  I  and  II),  the  curative  dose  is  found  to  be  only  2*5  grm.,  and  in 
exceptional  cases  1  grm.  sufficed.  These  curative  doses  cause  disappearance 
of  polyneuritic  symptoms,  brought  on  by  the  exclusive  diet  of  polished  rice, 
and  the  bird  is  usually  maintained  in  good  health  for  several  days,  not- 
withstanding the  deficiency  in  its  food  (see  Table  VI).  After  this  period 
recurrence  of  symptoms  again  takes  place. 

This  relation  between  the  preventive  ration  and  the  curative  dose  is  not 
confined  to  any  particular  anti-neuritic  substance,  but  appears  to  be  general. 
In  case  of  a  yeast-extract  (water-content  =  30  per  cent.),  the  daily  preventive 
dose  was  found  to  be  from  1  to  2  grm.,  and  the  curative  dose  from  2  to 

3  grm.,  occasionally  1  grm.  This  result  is  in  accord  with  the  observations  of 
Cooper,  who  (1913)  found  that  2*5  grm.  pressed  yeast  (dry  weight  =  0*5  grm.), 
given   daily,   would   prevent   polyneuritis   in    pigeons    fed    otherwise   with 
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polished  rice.  lu  order  to  cure  pigeons  suffering  from  acute  polyneuritis 
(1914,  II),  he  used  autolysed  yeast,  and  found  it  necessary  to  administer  the 
equivalent  of  3-6  grm.  of  the  original  pressed  yeast;  on  a  second  occasion 
the  equivalent  of  1-2  grm.  was  sufficient.  There  are  no  other  good 
instances  available,  because  curative  experiments  have  almost  universally 
been  made  with  material  which  has  been  extracted  with  alcohol  to 
concentrate  the  vitamine,  while,  for  the  preventive  experiments,  the  natural 
foodstuffs  have  been  used.  As  pointed  out  above,  there  is  a  great  loss  of 
anti-neuritic  material  in  the  extraction  process  as  usually  carried  out. 
Hence  the  stated  amounts  required  for  the  cure  of  animals  show  an 
exaggerated  size  when  reckoned  on  the  original  foodstuffs. 

That  the  preventive  and  curative  doses  are  of  the  same  order  of  magnitude 
is  perplexing,  and  demands  further  investigation.  In  order  to  obtain  some 
light  upon  this  point  we  are  making  a  series  of  preventive  experiments  in 
which  the  total  amount  of  vitamine  is  kept  constant,  but  the  dosage,  i.e., 
size  and  periodicity  of  the  dose,  is  varied.  These  experiments  are  not  yet 
completed,  but  the  only  interpretation  which  the  facts  seem  capable  of 
carrying  at  present  is  that : 

(1)  There  is  an  urgent  daily  need  for  a  small  quantity  of  this  vital  sub- 
stance to  maintain  the  metabolism  of  the  nerve  tissue ; 

(2)  In  the  normal  condition  a  considerable  store  is  available  somewhere 
in  the  animal  body  upon  which  to  draw  ;  and 

(3)  This  store  becomes  suddenly  exhausted,  but  can  be  temporarily 
restored  by  the  administration  of  a  small  quantity  from  outside. 


I 


Influence  of  a  Small  Regular  Ration  of  Wlieat-Emhrtjo  in  Maintaining  the 
Weight  of  Birds  Fed  on  Polished  Rice. 

It  has  Ijeen  shown  by  numerous  observers  that  birds  fed  exclusively  on 
polished  rice  lose  consistently  in  weight.  In  our  experience,  the  average  loss 
of  weight  under  these  conditions  varied  from  11  to  22  per  cent,  over  a  mean 
period  varying  from  17  to  22  days  (see  control  experiments.  Tables  I-IV). 
When  a  ration  of  wheat  was  given  insufficient  to  prevent  the  onset  of  poly- 
neuritis {i.e.,  from  O'o  to  1-5  grm.  every  second  day),  this  loss  in  weight 
was  not  exceeded,  althougli  the  mean  period  of  the  experiment  lasted  from 
22  to  35  days  (see  Tables  I  and  II). 

When  the  wheat  ration  was  adequate  for  protection  against  polyneuritis 
{i.e.,  3  grm.  every  second  day),  in  one  instance  (Expt.  4,  Table  I)  the  average 
loss  of  weight  was  negligible,  viz.,  —4  per  cent.,  and  in  a  second  (Kxpt.  3, 
Talkie  II)  a  gain  in  weight  was  observed,  viz.,  -h8  per  cent.     The  total  weight 
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gained  by  the  seven  birds  in  thi^se  two  experiments  was  12  \j^v\\\.,  ov  a  <;ain  of 
about  10  grin,  per  bird. 

In  Expt.  o,  Table  I,  and  Expt.  2,  Taljle  II,  where  2  grni.  wlieat  germ  was 
given  every  second  day,  and  polyneuritis  was  not  prevented  with  certainty, 
there  was  an  average  loss  of  weight  of  16  and  10  per  cent,  respectively,  or  a 
total  loss  of  365  grm.  among  the  eight  ])irds  studied,  i.e.,  46   grm.  per  bird. 

Tlie  average  difference  in  weight  between  individuals  in  the  above  two 
series  of  experiments  is  therefore  56  grm.  This  must  be  referred  to  a 
difference  in  diet  amounting  to  0*5  grm.  wheat  germ  daily  over  a  period  of 
about  60  days,  i.e.,  a  total  of  oO  grm.  per  head.  It  is  therefore  evident  that 
the  addition  to  a  diet  of  polished  rice  of  wheat  germ  in  amount  to  prevent 
polyneuritis  has  also  some  influence  in  promoting  the  general  metabolism 
of  the  animal. 

This  result  is  in  accord  with  the  observation  of  Schaumann  (1911),  who 
found  that  if  a  ration  of  a  vitamine-containing  foodstuff  (such  as  rice-bran 
or  yeast)  were  adequate  to  prevent  onset  of  polyneuritis  in  birds,  when  added 
to  a  diet  of  polished  rice,  loss  of  weight  was  prevented,  whereas  extracts 
of  these  foodstuffs  prepared  by  extraction  with  acid  or  alcohol,  sufficient 
to  prevent  polyneuritis,  did  not  maintain  weight. 

Our  experiments  with  wheat-bran  offer  another  example  of  this  principle. 
Where  the  bran  was  free  from  germ,  as  in  sample  E.I.  (Table  III),  a  ration 
of  5  grm.  each  second  day  did  not  prevent  polyneuritis,  nor  did  it  maintain 
weight.  In  case  of  sample  A,  which  was  stone-milled,  and  presumably 
contained  traces  of  germ,  a  ration  equal  to  5  grm.  each  second  day  more 
nearly  protected  a  pigeon  from  polyneuritis,  and  there  was  no  appreciable 
loss  of  weight. 

Cooper  (1913)  came  to  the  conclusion  that  the  substances  preventing  poly- 
neuritis and  maintaining  body  weight  were  separate  and  might  be  separately 
distributed  in  natural  foodstuffs.  For  certain  of  these,  e.g.  yeast,  ox-heart  and 
ox-brain,  the  two  substances  were  evenly  balanced  and  the  daily  ration 
required  to  prevent  polyneuritis  also  maintained  the  weight  of  the  bird.  In 
others,  e.g.  egg- yolk,  barley,  lentils,  this  daily  ration  had  to  be  increased  if 
loss  of  weight  were  also  to  be  prevented.  In  this  connection  our  experiments 
in  which  casein  was  added  to  a  diet  of  polished  rice  (set  out  in  Table  VII)  are 
of  some  interest.  The  casein,  prepared  from  milk  by  precipitation  and 
subjected  to  some  purification,  proved  to  be  vitamine-free,  as  was  expected ; 
the  addition  of  the  extra  protein  had  no  influence  upon  the  onset  of  poly- 
neuritis. With  the  addition  to  the  diet  of  3  grm.  of  this  casein  daily,  however, 
the  weight  of  the  birds  was  certainly  maintained  better  than  was  the  case 
with  the  control  birds  fed  on  polished  rice  alone. 
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Table  VII. — Influence  of  Addition  of  Extra  Protein  (Casein)  to  a  Diet  of 
Polished  Kice,  upon  the  Onset  of  Polyneuritis  in  Pigeons  (300 — 400  grm. 
weig'nt). 


Total 

Weight  of  bird. 

/^i                     •                 '     1    J 

Casein 

Rice* 

protein 

Xo. 

Time 

elapsing 

*^*o 

Change  in  weight 

' 

ration 

of 

before 

onset  of 

during  period 

1    ration 

daily. 

daily. 

given 
daily. 

bird. 

polyneuritis. 

Original. 

Final. 

of  experiment. 

days. 

mean, 

mean, 

errm. 

grm. 

grm. 

days. 

per  cent. 

per  cent. 

1        0 

About  35 

2-4 

107 

19 

369 

292 

-21 

108 

21 

469 

339 

-28 

109 

22 

21 

427 

395 

-  8 

-19 

0 

About  40 

2-8 

104 

23 

300 

267 

-11 

105 

19 

359 

287 

-20 

, 

108 

16 

19 

339 

295 

-13 

-14 

1  o 

35 

3-9 

110 

27 

365 

305 

-17 

111 

20 

365 

289 

-21 

112 

21 

382 

335 

-12 

1 

1 

113 

18 

21-5 

352 

300 

-15 

-16 

1 

3-0 

35 

5-4 

114 

25 

395 

310 

-14 

115 

18 

365 

362 

-    1 

116 

14 

392 

385 

-   2 

117 

22 

20 

394 

345 

-12 

-  7 

*  Protein   content  =  6  "9   per  cent.    ('Bulletin   No.    45,    U.S.   Department  of    Agriculture'; 
Tibbie's  "  Foods,"  1912,  p.  474). 

A  ration  of  wheat  germ  equal  to  4  grm.  every  second  day,  which  is  slightly 
in  excess  of  that  necessary  to  prevent  polyneuritis,  had  a  marked  beneficial 
influence  upon  the  general  health  and  well-being  of  the  birds  (Expt.  5, 
Table  I).  When  this  allowance  was  further  exceeded,  as  in  Expt.  6,  Table  I, 
where  3  grm.  wheat  germ  were  given  daily,  the  effect  was  even  more  noticeable. 
The  increase  in  weight  of  the  two  birds  employed  amounted,  in  a  period  of 
two  months,  to  25  and  35  per  cent,  respectively  of  their  original  weight,  and 
the  birds  displayed  unusual  energy  and  vitality.  They  became  wilder  and 
more  quarrelsome ;  they  could  not  be  kept  together  in  one  cage,  as  was  our 
custom,  seeing  that  they  fought  one  another  with  great  vigour,  if  permitted. 
They  would  also  resist  being  taken  up  and  examined,  and  if  the  cage  were 
opened,  would  usually  take  up  a  sideways  position  at  bay,  striking  out  with 
the  wing  against  any  invader.  All  this  demeanour  is  in  very  marked  contrast 
to  the  gentleness  characteristic  of  birds  which  are  artificially  fed  and  subjected 
to  the  large  amount  of  handling  which  is  involved  in  this  type  of  experiment. 
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Sitmmary  and  Conclusions. 

1.  The  foregoing  experiments  deal  with  the  (liHtril)ution  of  "  anti-neuritic 
(anti-beri-beri)  vitaniines  "  in  the  various  constituents  of  tlie  wheat,  maize,  and 
rice  grains.  By  "  anti-neuritic  vitamine  "  is  meant  the  substance  whose 
deficiency  in  a  diet  causes  polyneuritis  in  pigeons  and  beri-beri  in  man. 

2.  Wheat-endosperm,  after  removal  of  the  aleurone-layer  in  tlie  ordinary 
milling  processes,  constitutes  white  flour.  It  is  deficient  in  this  vitamine,  and 
if  used  as  an  exclusive  diet  will  induce  polyneuritis  in  pigeons  (or  beri-beri 
in  man)  in  a  manner  identical  with  polished  rice. 

3.  In  both  the  rice  and  wheat  grain,  the  anti-neuritic  vitamine  is  concen- 
trated mainly  in  the  germ  or  embryo ;  it  is  also  present  to  a  less  degree  in  the 
bran  (pericarp  and  aleurone-layer),  probably  in  the  aleurone-layer. 

4.  In  case  of  maize  grain,  the  embryo  also  possesses  marked  anti-neuritic 
properties.  Here  the  scutellum  can  be  separated  from  the  "  plantlet "  and 
separately  investigated.  Both  these  constituents  of  the  embryo  were  found  to 
contain  anti-neuritic  vitamine. 

5.  The  practical  results  given  under  2  and  3  show  the  importance  of 
including  germ  in  the  flour  from  which  wheaten  bread  or  biscuit  is  made, 
especially  when  the  diet  may  consist  largely  of  preserved  foods,  e.g.  tinned 
meats  and  vegetables,  which  are  deficient  in  anti-beri-beri  vitaniines. 

6.  The  daily  ration  of  wheat-germ  that  must  be  added  to  a  diet  of  polished 
rice  in  order  to  prevent  the  onset  of  polyneuritis  is  of  the  same  order  of 
magnitude  as  the  amount  which,  administered  by  the  mouth,  will  cure  a 
pigeon  acutely  ill  with  polyneuritis,  brought  on  by  an  exclusive  diet  of 
polished  rice.  This  relation  is  not  peculiar  to  wheat-germ  but  applies  to  other 
foodstuffs  containing  anti-neuritic  vitamines,  e.g.  yeast. 

7.  The  addition  of  wheat-germ  to  a  diet  of  polished  rice  in  quantity  (3  grm. 
every  second  day)  sufficient  to  prevent  polyneuritis,  also  maintained  the 
weight  and  general  health  of  the  bird.  Eations  in  excess  of  this  (2  grm.  every 
day  to  3  grm.  every  day)  led  to  great  increase  in  body-weight  and  in  general 
well  being  and  vitality  of  the  birds,  which,  after  a  short  period  of  this  diet, 
became  in  remarkably  fine  condition. 

In  conclusion,  our  best  thanks  are  due  to  Messrs.  Steele  and  Co.  (rice 
millers),  to  The  Hovis  Milling  Co.,  and  to  Messrs.  J.  and  H.  Kobinson  (wheat 
millers),  for  kindness  in  supplying  us  with  material  for  experiment,  and 
especially  to  Mr.  E.  G.  Ellis,  of  the  last-named  firm,  for  much  valuable  advice 
and  assistance.  We  are  also  much  indebted  to  Professor  A.  Harden,  F.E.S., 
for  kindly  preparing  one  of  the  extracts  mentioned  in  Table  V,  to  Captain 
A.  H.  Osman,  of  the  Home  Forces  Pigeon  Service,  for  a  generous  supply  of 
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pigeons  for  this  work,  and  lastly  to  our  assistant,  Mr.  A.  H.  Eobins,  for  his 
devoted  work  in  connection  with  the  artificial  feeding  and  care  of  the 
experimental  birds. 
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The  earliest  attempt  to  examine  the  part  played  by  the  different  serum 
proteins  in  anaphylaxis  to  a  foreign  serum  was  made  by  Gay  and  Adler  [1908]. 
Gay  and  Southard  had  based  a  theory  of  the  anaphylactic  condition  on  an 
erroneous  interpretation  of  the  phenomenon  of  passive  anaphylaxis.  This 
theory  explained  the  sensitive  condition  as  due  to  a  remnant  of  the  foreign 
serum,  introduced  at  the  sensitising  injection,  and  still  present  in  the  system. 
Clearly  it  might  be  expected  that  the  remainder  thus  conferring  sensitiveness 
would  belong  to  a  different  fraction  of  the  serum  protein  from  that  which, 
at  the  second  injection,  acted  as  a  poison.  In  accordance  with  this  expecta- 
tion. Gay  and  Adler  found  that  the  euglobulin  fraction  of  a  serum  had  great 
power  of  producing  sensitiveness  to  the  serum  from  which  it  was  separated, 
but  no  toxic  action  when  reinjected  into  the  sensitised  animal.  Taking 
further  fractions  th>ey  observed  a  progressive  decline  of  sensitising  power, 
and  increase  of  toxicity  to  the  sensitised  animal,  as  the  proportion  of 
ammonium  sulphate  needed  for  precipitation  became  greater;  so  that  the 
highest  fraction,  the  albumin,  had  practically  no  power  of  producing  sensitive- 
ness, but  a  maximum  toxicity  for  animals  sensitised  with  the  whole  serum, 
or  with  the  lower  fractions.  These  conclusions  arc  in  complete  disaccord 
with  the  later  results,  obtained  by  various  investigators,  on  anaphylaxis  to 
pure  proteins,  of  animal  or  vegetable  origin.  Such  results  have  indicated  a 
considerable  degree  of  specificity  of  the  reaction,  not  only  for  the  species 
from  which  the  protein  originated,  but  even  for  pure  proteins  separated 
from  an  organ  or  tissue. 

Doerr  and  Russ  [1909,  1],  repeating  Gay  and  Adler's  experiments  with 
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more  attention  to  quantitative  detail,  obtained  an  entirely  different  result. 
Like  Gay  and  Adler,  Doerr  and  Russ  worked  with  guinea-pigs,  and  separated 
the  proteins  of  the  ox  or  liorse-serum  used  for  sensitising  })y  fractional 
precipitation  with  ammonium  sulphate.  They  found,  however,  that  sen- 
sitising power,  and  toxicity  for  the  sensitised  animal,  declined  in  a  parallel 
manner,  with  increase  of  the  proportion  of  ammonium  sulphate  necessary 
for  precipitation;  so  that  the  euglobulin  fraction  exhibited  the  maximum 
anaphylactic  activity  in  either  direction,  the  albumin  being,  in  both  respects, 
practically  inert,  and  the  pseudoglobulin  occupying  an  intermediate  position. 
Doerr  and  Russ's  results  are  in  conformity  with  the  general  tendency  of  the 
evidence  obtained  with  other  proteins.  The  only  anomaly  is  the  failure  of 
the  albumin  fraction  to  act  as  an  anaphylactic  antigen.  In  a  later  paper 
[1909,  2],  however,  they  showed  a  parallel  failure  of  serum-albumin  to  produce 
a  precipitin  when  injected  into  the  rabbit,  and,  in  conformity  with  their 
view  of  the  identity  of  anaphylactic  antibody  with  precipitin,  a  failure  of 
serum  from  a  rabbit  so  injected  to  confer  passive  anaphylaxis  on  the  guinea- 

This  question  of  the  antigenic  properties  of  the  separate  serum  proteins, 
with  regard  to  precipitin  formation,  has  been  examined  by  several  other 
investigators,  with  results  which  show  the  widest  possible  variation,  both  in 
respect  of  the  relative  efficacy  shown  by  the  different  proteins  in  exciting 
precipitin  formation,  and  of  the  specificity  to  the  individual  proteins  of  the 
precipitins  obtained.  Some  agree  with  Doerr  and  Russ  as  to  the  absence  of 
a  precipitin  reaction  to  serum  albumin ;  others,  while  obtaining  a  precipitin 
by  injection  of  albumin,  find  that  it  precipitates  even  more  strongly  with 
globulin  than  with  the  albumin  exciting  its  production.  Doubtless  a  good 
deal  of  the  variation  is  due  to  the  varying  degrees,  in  which  the  different 
methods  employed  effected  a  clean  separation  of  the  different  proteins. 
The  most  convincing  account  is  that  given  by  Hunter  [1905],  whose  paper 
may  be  consulted  for  the  earlier  literature.  Hunter  found  that  each  of  the 
serum  proteins,  euglobulin,  pseudoglobulin,  and  albumin,  was  capable  of 
exciting  precipitin  formation,  and  that  the  precipitin  obtained  in  each  case 
reacted  most  strongly  with  the  protein  used  in  its  production,  but  in  a  modified 
degree  with  the  others  also ;  in  other  words,  each  precipitin  showed  a  relative, 
or  quantitative,  but  not  an  absolute,  or  qualitative  specificity  for  its  own 
protein. 

Certain  points  in  the  behaviour  of  the  serum-proteins  as  anaphylactic 
antigens    seemed    to    deserve    further    investigation.      Doerr    and    Russ's 
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description  of  the  progressive  weakening  of  the  anaphylactic  effect  in  passing 
from  the  euglobuUn  to  the  albumin  fraction,  the  pseudoglobulin  being  inter- 
mediate in  activity,  suggests  a  possibility  that  euglobulin  may  be  the  only 
protein  in  serum  capable  of  producing  the  reaction,  and  that  the  weaker 
reaction  of  pseudoglobulin  may  be  due  to  incomplete  separation.  The  point 
is  not  without  practical  significance,  as  well  as  theoretical  interest.  The 
antibody  of  immune  horse-serum  has  been  shown  to  be  associated  with  the 
pseudoglobulin  fraction,  and  the  various  methods  of  artificial  concentration 
have  aimed  at  eliminating  the  albumin  and  the  euglobulin;  but  the  details 
of  the  processes  in  actual  use  would  seem  to  ensure  a  more  thorough  exclusion 
of  the  former.  It  is  clear,  on  the  other  hand,  if  the  euglobulin  is  the 
anaphylactically  active  constituent,  and  the  albumin  indifferent  in  this 
respect,  that  the  aim  of  any  process  for  purifying  antitoxin  should  be  as 
thorough  a  removal  of  euglobulin  as  is  possible  in  large-scale  working. 


Methods. 

We  have  confined  our  attention  to  horse-serum,  specimens  of  the  three 
proteins  from  which  were  available  for  use.  Those  which  we  used  in  the 
majority  of  the  experiments  were  prepared  by  one  of  us  for  a  chemical 
investigation,  the  results  of  which  have  already  been  published,  together 
with  the  details  of  the  methods  of  preparation  [Hartley,  1914].  The  euglobulin 
used  was  that  prepared  by  Panum's  method,  and  probably  made  a  nearer 
approach  to  complete  purity  from  the  other  proteins  than  did  the  specimens 
of  pseudoglobulin  and  albumin,  although  these  were  probably  as  pure  as 
repeated  salting-out  could  make  them.  An  additional  specimen  of  the 
pseudoglobulin  of  horse-serum  was  kindly  placed  at  our  disposal  by  Dr  H. 
Chick,  who,  after  the  usual  separation  by  ammonium  sulphate,  had  further 
purified  it  by  continuous  dialysing,  with  removal  of  the  euglobulin  thrown 
out  of  solution,  during  some  months.  Both  the  samples  of  pseudoglobulin 
were  "euglobulin-free,"  in  the  sense  that  the  ordinary  methods  of  detection 
and  separation  would  fail  to  discover  euglobulin  in  them.  But  the  quantity 
of  a  protein  needed  for  sensitisation  of  the  guinea-pig  has  been  shown  to  be 
so  minute,  that  it  cannot  be  safely  assumed  that  either  was  free  from  such 
traces  of  euglobulin  as  might  be  perceptibly  effective  in  this  direction.  The 
same  may  be  said  with  regard  to  a  possible  contamination  of  the  albumin 
with  minimal  remnants  of  pseudoglobulin.  In  addition  to  the  specimen 
above  mentioned,  a  sample  of  albumin  prepared  in  a  difTerent  way  was  used 
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in  several  experiments.  This  was  a  crystalline  albumin  prepared  by  Hopkins 
and  Pinkns's  1 1898]  method,  and  recrystallised  three  times,  only  that  fraction 
being  taken  of  each  crop  which  consisted  wholly  of  large  well-formed  crystals. 
This  was  dialysed  free  from  ammonium  sulphate  and  dried  to  a  scale  in  vacuo. 
A  portion  of  it  was,  for  another  purpose,  dissolved  in  water,  precipitated 
with  cold  acetone  and  ether,  extracted  for  three  days  with  warm  ether,  and 
finally  taken  up  in  water  and  recrystallised  by  Hopkins'  method,  yielding 
particularly  well-formed  crystals.  These  were  again  dialysed,  scaled,  and 
kept  dry.  Neither  of  these  preparations  showed  any  notable  difference  in 
action  from  the  albumin-fraction  obtained  by  salting-out  in  the  ordinary  way. 

Most  of  our  experiments  were  made  on  guinea-pigs,  which  were  sensitised 
by  hypodermic  injection  of  a  small  dose,  either  of  whole  fresh  serum,  or  of 
a  solution  of  one  of  the  separated  protein  preparations.  After  an  interval, 
varying  from  12  up  to  31  days,  the  sensitiveness  of  the  uterine  plain  muscle 
to  two  or  more  of  the  separated  proteins  was  tested  by  the  method  previously 
described  by  one  of  us  [Dale,  1912].  The  use  of  this  method  has  the  definite 
advantage,  over  experiments  made  on  a  series  of  similarly  prepared  animals, 
that  no  allowance  need  be  made  for  individual  differences  of  sensitisation. 
The  reaction  of  one  horn  of  the  uterus  is  tested  with  one  of  the  pure  proteins, 
and  subsequently  the  reaction  of  the  other  horn,  which  can  be  regarded  with 
some  certainty  as  equivalent  in  specific  sensitiveness  and  physiological 
condition  to  the  first,  is  tested  similarly  with  another  of  the  pure  proteins. 
Moreover  the  degree,  to  which  an  effective  dose  of  either  protein  affects  the 
subsequent  reaction  to  the  other,  can  be  readily  ascertained.  By  a  careful 
choice  of  the  order  in  which  the  doses  are  given,  as  much  information  can 
often  be  obtained  from  one  such  experiment,  with  regard  to  the  relative 
sensitiveness  to  the  different  proteins,  as  would  require  the  injection  and 
reinjection  of  a  long  series  of  animals,  if  the  more  usual  method  of  studying 
anaphylaxis  in  the  guinea-pig  were  adopted.  For  purposes  of  control  a  few 
experiments  were  made  by  the  ordinary  method  of  intravenous  reinjection 
into  the  intact  animal,  with  observation  of  the  degree  of  severity  of  the 
resulting  symptoms  as  an  index  of  the  sensitisation.  Young  virgin  female 
guinea-pigs  were  chosen,  weighing  about  180  g.  ^t  the  time  of  the  preparatory 
injection,  so  that  the  test  of  sensitisation,  after  an  interval  of  two  to  three 
weeks,  or  more,  was  made  when  the  animals  weighed  about  250  g.  on  an 
average. 

The  apparatus  used  was  arranged,  in  all  material  particulars,  similarly 
to  that  described  by  Dale  and  Laidlaw  [1912].     The  vessel  in  which  the  uterine 
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horn  under  experiment  was  suspended  contained,  in  all  cases,  70  cc.  of 
Ringer's  solution.  The  "control"  uterine  horn  was  kept,  till  required,  in  a 
tube  of  the  same  solution,  immersed  in  the  same  constant-temperature  bath 
as  the  experimental  vessel.  The  contents  of  the  experimental  vessel,  and 
of  the  tube  containing  the  control,  were  oxygenated  and  stirred  by  a  stream 
of  bubbles.  The  temperature  employed  was  between  37°  and  39°  C.  The 
lever  recording  the  uterine  contractions  magnified  twice  or  thrice,  according 
to  the  size  and  activity  of  the  uterus  under  observation.  Similarly  the 
weighting  of  the  lever  was  varied  so  as  to  secure,  in  each  case,  efficient 
extension,  without  imposing  undue  resistance  to  contraction. 

The  Ringer's  solution  used  was  made  up  according  to  one  or  other  of  the 
formulae  mentioned  by  one  of  us  in  an  earlier  paper.  The  results  obtained 
were  of  the  same  kind  with  either,  but  we  gathered  the  impression  that,  for 
keeping  the  general  sensitiveness  of  the  control  horn  at  the  same  level  as  that 
first  tested,  during  a  long  experiment  lasting  some  hours,  the  solution  called 
"Ringer  I"  in  the  earlier  paper  was,  on  the  whole,  the  better.  The  various 
proteins  tested  were  made  up  in  Ringer's  solution,  usually  in  1  %  solution. 
The  albumin  and  pseudoglobulin  could  be  dissolved  directly  in  the  Rjnger's 
solution  without  difficulty.  Euglobulin  so  treated  was  imperfectly  soluble. 
Although  the  imperfect,  opalescent  suspension,  obtained  with  Ringer's 
solution  alone,  seemed  to  act  perfectly  well  on  the  plain  muscle  when  added 
to  the  bath,  it  was  considered  better,  after  the  first  few  experiments,  to  use 
it  in  a  more  highly  dispersed  condition,  in  order  to  obtain  a  more  accurate 
comparison  of  its  effect  with  that  of  pseudoglobulin.  With  this  object,  the 
required  amount  was  weighed  out  and  rubbed  up  with  a  little  Ringer's  solution 
into  a  fine  emulsion.  To  this  was  added  0-1  cc.  N/10  NaOH  for  each  100  mgm. 
of  euglobulin.  The  relatively  clear  solution  so  obtained  was  then  diluted 
with  Ringer's  solution  to  a  strength  of  1  %  euglobulin ;  the  proportion  of 
added  soda,  after  such  dilution,  corresponding,  therefore,  to  1/1000  normal. 
Controls  showed  that  a  pure  solution  of  soda,  in  this  strength,  when  added 
to  the  bath  in  volume  corresponding  to  those  of  the  test  doses  of  euglobulin 
solution,  produced  no  noteworthy  effect  on  the  uterine  activity. 

A  few  experiments  were  also  made  on  anaesthetised  dogs,  with  record  of 
the  blood-pressure,  to  confirm  the  general  applicability  of  some  of  the  results 
obtained  with  guinea-pigs. 


ANAIMIYLAXIS  TO   SERUM   PROTEINS  4i:i 

Results. 
Animals  sensitised  to  whole  horse-serum. 

We  first  tested  the  reaction,  to  the  pure  serum  proteins,  of  uterine  muscle 
from  guinea-pif^s  sensitised  by  a  hypodermic  injection  of  ()•()!  or  O-l  cc.  of 
whole  horse-serum,  given  two  to  three  weeks  previously. 

(a)  Euglohulin  and  Pseudoglobulin.  In  two  cases,  out  of  some  eighteen 
guinea-pigs  tested,  sensitisation,  for  some  unexplained  reason  failed,  so  that 
the  uterine  muscle  responded  but  weakly  even  to  large  doses  of  horse-serum. 
Except  in  these  instances  the  plain  muscle  of  guinea-pigs,  which  had  received 
a  sensitising  injection  of  whole  horse-serum,  exhibited  a  pronounced  sensitive- 
ness to  the  euglobulin  and  pseudoglobulin  of  horse-serum.  The  sensitiveness 
to  the  two  showed  a  general  parallelism,  so  that,  if  one  horn  of  the  uterus 
gave  a  large  contraction  in  response  to  1  mgm.  of  euglobulin,  the  second 
horn  usually  reacted  similarly  to  1  mgm.  of  pseudoglobulin.  Similarly,  if 
the  first  horn  tested  gave  only  a  small  reaction  with  1  mgm.  of  euglobulin, 
and  a  subsequent  maximal  reaction  with  10  mgms.  of  the  same,  it  was  usually 
found  that  the  second  horn  gave  effects  of  the  same  order  with  the  same 
doses  of  pseudoglobulin. 

At  first  sight,  therefore,  the  results  might  easily  have  been  interpreted 
as  signifying  that  the  euglobulin  and  pseudoglobulin  were  acting  as  one 
common  antigen.  It  will  be  shown  later  that  the  effects  of  sensitising  by  the 
separate  proteins,  instead  of  by  whole  serum,  exclude  such  a  supposition ; 
but  there  were  clear  indications  of  the  distinct  antigenic  properties  of  the  two 
globulins,  even  in  the  experiments  wdth  whole  serum.  Such  indications  were 
obtained  by  studying  the  effects  of  desensitisation.  In  an  earlier  paper  it 
was  shown  that  the  application  of  an  adequate,  effective  dose  of  an  antigen, 
to  which  the  plain  muscle  has  been  made  anaphylactic,  will  permanently 
remove  its  sensitiveness  to  that  antigen,  while  leaving  it,  in  other  respects, 
practically  normal.  The  question  therefore  arises,  whether  a  dose  of 
euglobulin,  which  renders  indifferent  to  further  euglobulin  a  preparation 
originally  sensitive  to  both  globulins,  will  at  the  same  time  remove  its  initial 
sensitiveness  to  pseudoglobulin,  and  vice  versa.  There  are  three  possibilities, 
and  we  have  found  examples  of  each,  in  our  series  of  guinea-pigs  sensitised 
by  whole  serum. 

(i)  The  two  globulins  may  appear  to  act  as  a  common  antigen,  so  that 
one  horn  may  respond  by  a  maximal  contraction  to  a  certain  dose  of  euglobulin, 
and  be  thereafter  insensitive  not  only  to  euglobulin,  but  to  pseudoglobulin 
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in  like  dosage;  while  the  second  horn  may  show  an  exactly  parallel  response 
to,  and  complete  desensitisation  by  a  like  dose  of  pseudoglobulin.  This 
type  of  reaction  is  illustrated  by  the  following  experimental  record,  Figs.  1 
and  2  reproducing  the  corresponding  tracings. 

Guinea-pig  No.  9.  Sensitised  by  hypodermic  injection  of  0-1  cc.  of  whole 
horse-serum  16  days  previously.  Bath- volume  70  cc.  Ringer's  solution 
changed  after  the  effect  of  each  dose  was  complete. 

Ist  horn  of  uterus  (Fig.  1). 

1  mgm.  of  euglobulin.     Moderate  contraction. 
10  mgm.  of  euglobulin.     Maximal  contraction. 
10  mgm.  of  pseudoglobulin.     Nil. 
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Fig,     1.     Cluinea-pig    sensitised    with    0-1  cc.    of    whole    horse-serum.      16th  day.      1st  horn 
A.    1  mgm.  of  euglobulin.     B.    10  mgm.  of  euglobulin.     C.    10  mgm.  of    pseudoglobulin. 

Time  marker  (in  all  figures)  marks  intervals  of  30  seconds,     R  (in  all  figures)  indicates 
change  of  Ringer's  solution. 

2nd  horn  of  uterus  (Fig.  2). 

1  mgm.  of  euglobulin.     Moderate  contraction. 
U)  mgm,  of  pseudoglobulin.     Maximal  contraction. 
10  rrigm,  of  euglobulin.     Nil. 

It  will  be  seen  that  a  dose  of  10  mgm,  (1  in  7000)  of  either  euglobulin  or 
pseudoglobulin  produced  a  maximal  response  of  the  muscle,  after  the  sub- 
maximal  effect  of  1  mgm.  of  (Migh)bulin  had  been  obtained;  but  that  the 
maximal  response,  to  10  nigiri.  of  <'it}i(T,  Ic^ft  the  organ  insensitive  to  the 
same  dose  of  tlu^  other.     Such  a  r(\sult,  is  not,  uncommon,  and  s(Huns  to  be 
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especially  frequent  in  cases,  such  as  that  (j noted,  in  which  the  sensitiveness 
is  not  of  a  high  order.  It  may  be  noted  that  the  ap[)arently  rather  smaller 
amplitude  of  contraction  in  response  to  10  mgm.  of  pseudoglobulin  (Fig.  2) 
as  compared  with  that  to  10  mgm.  of  euglohulin  (Fig.  1),  is  attributable  to 
the  use  of  Ringer  TT  jji  the  former,  and  Ringer  I  in  the  latter  case,  for  the 
purpose  of  comparing  their  suitability  for  this  type  of  experiment.  It  is 
no  index,  therefore,  of  preferential  sensitisation,  which  is  excluded  by  the 
perfect  mutual  desensitisation. 

(ii)  There  may  be  sensitisation,  to  either  euglobulin  or  pseudoglobulin 
in  higher  degree  than  to  the  other.  The  difference  was  in  no  case  very 
conspicuous,  and  its  demonstration  depended  chiefly  on  the  phenomena  of 
desensitisation.     Thus  we  might  find  that  one  horn  responded  maximally  to 
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Fig.  2.     From  same  experiment  as  Fig.  1.     2nd  horn.     D.    1  mgm.  of  euglobulin.     E.    10  mgm. 
of  pseudoglobulin.     F.    10  mgm.  of  euglobulin. 


1  mgm.  of  euglobulin,  gave  a  second  smaller  response  to  10  mgm.  of  euglobulin, 
and  was  thereafter  desensitised  not  only  to  euglobulin,  but  to  pseudoglobulin 
also;  while  the  second  horn  after  practically  similar  responses  to  1  mgm. 
and  10  mgm.  of  pseudoglobulin,  would  be  completely  insensitive  to  this 
protein,  but  still  capable  of  giving  a  large  response  to  10  mgm.  of  euglobulin. 
In  another  case  the  reverse  condition  would  obtain,  the  plain  muscle  de- 
sensitised to  pseudoglobulin  failing  to  respond  to  euglobulin,  while  the  second 
horn,  when  desensitised  to  euglobuKn,  still  responded  to  pseudoglobulin. 
A  couple  of  examples  will  suffice  to  illustrate  the  point,  the  importance  of 
which  was  that  it  gave  us  the  first  indication  of  an  antigenic  distinction 
between  the  two  proteins,  which  experiments  on  sensitisation  w^ith  the  separate 
proteins  confirmed. 
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Experiment  4.     Guinea-pig  sensitised  with  0-1  cc.  of  horse-serum.     22nd 
day. 

\st  liorn. 

1  mgm.  euglobulin.     Maximal  contraction. 
5  mgm.  euglobulin.     Smaller  contraction. 
5  mgm.  euglobulin.     Nil. 
5  mgm.  pseudoglobulin.     Nil. 

2nd  horn. 

1  mgm.  pseudoglobulin.     Maximal  contraction. 

5  mgm.  pseudoglobulin.     Nil. 

5  mgm.  pseudoglobulin.     Nil. 

5  mgm.  euglobulin.     Large  contraction. 

5  mgm.  euglobulin.     Nil. 


Experiment  7.    Guinea-pig  sensitised  with  0-1  cc.  horse-serum.    21st  day. 

\st  horn. 

1  mgm.  pseudoglobulin.  Good  contraction. 

1  mgm.  pseudoglobulin.  Nil. 

10  mgm.  pseudoglobulin.  Small  contraction. 

10  mgm.  pseudoglobulin.  Nil. 

10  mgm.  pseudoglobulin.  Nil. 
10  mgm.  euglobulin.     Maximal  contraction. 

2nd  horn. 

1  mgm.  euglobulin.     Large  contraction  (?  Maximal). 

1  mgm.  euglobulin.     Nil. 
10  mgm.  euglobulin.     Small  contraction. 
10  mgm.  euglobulin.     Nil. 
10  mgm.  euglobulin.     Nil. 
10  mgm.  pseudoglobulin.     Nil. 
40  mgm.  pseudoglobulin.     Nil. 

The  above  two  records  show  preferential  sensitisation  to  euglobulin.  In  the 
following  the  predominant  sensitiveness  to  pseudoglobulin  is  shown  not  only 
in  the  greater  effect  of  desensitisation  to  this  protein  on  the  subsequent 
response  to  euglobulin,  but  in  the  lower  initial  effective  dose  of  the  former. 
Guinea-pig  sensitised  with  O-OI  cc.  antidiphtheritic  horse-serum  H  1  test 
dose  diphtheria  toxin.     21th  day. 
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\st  horn. 

1  mgin.  pscii(l()<i;]()buliii.     Full  contraction. 
10  mgni.  pscii(lo<^lobiilin.     Small  contraction. 
10  mgni.  psciid()<^lobulin.     Nil. 
10  mgm.  euglobulin.     Slight  contraction. 

2nd  horn. 

1  mgm.  euglobulin.     Nil. 
10  mgm.  euglobulin.     Good  contraction. 
10  mgm.  euglobulin.     Moderate  contraction. 
10  mgm.  euglobulin.     Small  contraction. 
10  mgm.  euglobulin.     Very  small  contraction. 
10  mgm.  pseudoglobulin.     Large  contraction. 
10  mgm.  pseudoglobulin.     Nil. 

In  this  record  there  is  an  obvious  indication  that  complete  desensitisation 
to  euglobulin  is  more  difficult  to  achieve  than  that  to  pseudoglobulin.  This 
point  is  clearly  discernible  in  a  number  of  our  records.  A  probably  related 
effect  is  also  to  be  seen  in  the  above,  namely,  the  tendency  of  the  plain 
muscle  to  recover  from  the  desensitisation  to  euglobulin,  and  show  a  revival 
of  response  to  this  protein  at  a  later  stage  of  the  experiment.  This  may 
indicate  a  tendency  of  the  euglobulin-antibody  complex  to  dissociate,  or  it 
may  be  attributable  to  the  physical  properties  of  the  euglobulin  solution, 
on  account  of  which  this  antigen  less  readily  reaches  and  saturates  the  antibody 
in  the  deeper  layers  of  the  uterine  muscle.  We  have  no  direct  evidence  in 
favour  of  either  interpretation,  but  the  fact  is  repeatedly  illustrated  in  our 
records. 

(iii)  In  some  of  our  records  from  guinea-pigs  sensitised  with  whole 
horse-serum,  the  distinct  antigenic  properties  of  the  two  globulins  are  made 
evident  by  the  fact  that,  while  the  plain  muscle  responds  with  equal  readiness 
to  an  initial  dose  of  either  eu-  or  pseudoglobulin,  desensitisation  to  either  of 
these  leaves  a  remainder  of  sensitiveness  to  the  other.  This  is  most  readily 
shown  by  producing  a  relative  desensitisation,  by  using  small  doses  throughout, 
as  in  the  following  record. 

Experiment  12.  Guinea-pig  sensitised  with  0-1  cc.  horse-serum.  14th 
day. 

Is^  horn. 

1  mgm.  euglobulin.     Good  contraction. 
1  mgm.  euglobulin.     Small  contraction. 
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1  mcim.  eucrlobulin.     Xil. 

1  mgm.  pseudoglobuliii.     Fair  contraction. 

1  mgm.  pseudoglobulin.     Nil. 

2nd  horn. 

1  mgm.  pseudoglobulin.     Good  contraction. 

1  mgm.  pseudoglobulin.     Nil. 

1  mgm.  euglobulin.     Fair  contraction. 


It  is  probable,  to  judge  from  the  results  of  other  experiments,  that  the  1st 
horn,  when  no  longer  giving  a  perceptible  response  to  1  mgm.  of  euglobulin, 
would  have  responded  to  10  mgm. ;  and  similarly  with  pseudoglobulin  in  the 
case  of  the  second  horn.  The  point  to  be  emphasised  is  that,  in  either  case, 
the  muscle,  when  reduced  to  a  condition  in  which  it  fails  to  respond  at  all 
to  1  mgm.  of  one  of  the  globulins,  still  shows  a  definite  sensitiveness  to  the 
same  dose  of  the  other. 

(b)  Albumin.  Our  earlier  results  seemed  to  support  the  finding  of  Doerr 
and  Russ,  that  serum  albumin  did  not  act  as  an  anaphylactic  antigen.  In  a 
series  of  preparations  from  guinea-pigs  sensitised  to  whole  serum,  we  found 
that  the  plain  muscle  seemed  completely  indifferent  to  a  dose  of  5  or  10  mgm. 
of  the  albumin,  subsequently  giving  a  maximal  response  to  1  mgm.  of  either 
globulin.  The  result  seemed  so  definite,  and  was  obtained  with  such  regularity 
in  the  early  series,  that  for  some  time  we  abandoned  experiments  with  albumin, 
considering  its  inefficacy  as  settled.  At  a  later  stage  of  the  investigation  six 
guinea  pigs  received  the  usual  sensitising  injection  of  0*1  cc.  of  horse-serum, 
to  test  another  point,  and  it  happened  that  the  uterus  was  tested  with  1  mgm. 
of  pure  serum  albumin,  which  produced  a  typical,  nearly  maximal,  response. 
The  uteri  of  the  other  guinea-pigs  of  this  series  were  then  tested  with  albumin, 
and  all  showed  a  similar  high  degree  of  sensitiveness  to  this  protein.  The 
difference  could  not  be  attributed  to  a  deficiently  purified  albumin,  since  the 
preparation  which  now  proved  an  effective  stimulus  was  the  same  as  that 
which  had  previously  proved  ineffective;  and  the  highly  purified  sample 
obtained  by  recrystallising  four  times,  as  described  above,  was  quite  as  effective 
a  stimulant  as  that  purified  by  the  precipitation  method  only.  The  only 
difference  between  the  two  scries  was  in  the  time  elapsing  between  the 
sensitising  injection  and  the  performance  of  the  test.  In  the  earlier  series, 
in  which  no  sensitiveness  to  albumin  was  detected,  the  interval  was  two  to 
three  weeks;    in  the  later  series,  in  which  a  good  reaction  to  albumin  was 
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observed,  it  was  upwards  of  thirty  days^ — four  to  five  weeks.  A  further 
series  of  six  guinea-pigs  was  therefore  prepared,  being  sensitised  with  0*1  cc. 
horse-serum  and  kept  for  twenty-nine  to  tliirty  chiys  before  testing,  with 
the  same  result,  that  after  this  interval  a  sensitiveness  of  the  plain  muscle 
to  albumin  had  developed. 

There  was  some  indication  that,  concurrently  with  tlie  late  development 
of  the  sensitiveness  to  albumin,  the  sensitiveness  of  the  plain  muscle  to  the 
globulins,  which  attains  its  maximum  somewhere  between  the  14th  and  21st 
days,  undergoes  some  decline,  to  judge  by  the  size  of  the  initial  dose  needed 
to  produce  a  pronounced  reaction.  The  following  record  illustrates  the 
point. 


^4^1  \ 


-^•ji-ikV 


'1 


'VJN 


I  I  I  I  I  I  I  M  I  I  I  I  M  I  I  I  M  I  I  I  I  I  I  I  I  I  I  Ml 

Fig.  3.  Guinea-pig  sensitised  with  0-1  cc. 
of  whole  horse-scrum.  31st  day.  1st 
horn.     A.    1  mgm.  of  albumin. 
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Fig.  4.     Same  experiment  as  Fig.  3.     2nd 
horn.     B.    1  mgm.  of  euglobuHn. 
C.    10  mgm.  of  euglobuUn. 


Experiment   26.     Guinea-pig   sensitised   with   0-1  cc.    horse-serum.     31st 
day. 

Is^  horn. 

1  mgm.  albumin.     Maximal  contraction  (see  Fig.  3). 
10  mgm.  albumin.     Weak  contraction. 
10  mgm.  albumin.     Nil. 

1  mgm.  euglobulin.     Nil. 
10  mgm.  euglobulin.     Moderate  contraction. 
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2nd  horn. 

1  mgm.  euglobulin.     Small  contraction. 
10  mgm.  euglobulin.     Maximal  contraction  (see  Fig.  4). 
10  mgm.  euglobulin.     Nil. 
10  mgm.  albumin.     Nil. 

It  will  be  noticed  that  though  the  plain  muscle,  in  this  case,  showed  a  higher 
sensitiveness  to  albumin  than  to  euglobulin,  as  judged  by  its  response  to  a 
small  dose  (1  mgm.)  of  either,  it  is  more  readily  desensitised  to  albumin  by 
an  effective  dose  of  euglobulin,  than  to  euglobulin  by  albumin. 

The  results  obtained,  by  observing  the  response  of  isolated  plain  muscle, 
suggested  that  the  failure  of  previous  workers  to  observe  an  anaphylactic 
reaction  in  the  serum-sensitive  guinea-pig,  when  pure  albumin  was  used  for 
the  reinjection,  might  have  been  due  to  the  allowance  of  an  insufficient 
incubation-period  for  the  development  of  sensitiveness  to  this  protein.  It 
seemed  desirable,  therefore,  to  confirm,  by  experiments  on  the  intact  animal, 
the  fact  that  true  anaphylaxis  to  serum  albumin  does  occur,  though  late  in 
its  development ;  in  other  words,  to  ensure  that  the  reaction  of  the  isolated 
plain  muscle,  in  vitro,  gives,  in  this  case  also,  a  genuine  indication  of  the 
occurrence  of  the  anaphylactic  condition,  as  seen  in  the  whole  animal.  A 
guinea-pig  from  the  same  series  as  that  used  in  Experiment  26,  and  similarly 
sensitised  by  a  hypodermic  injection  of  0-1  cc.  of  horse-serum,  was  therefore 
tested  on  the  32nd  day  after  sensitisation.  The  albumin  was  made  up  for 
the  reinjection  in  1  %  solution  in  physiological  saline.  Of  this  solution 
1  cc.  (10  mgm.  of  albumin)  was  injected  into  the  jugular  vein,  exposed 
by  a  small  incision  under  local  cocaine-anaesthesia.  Symptoms  appeared 
immediately  after  the  completion  of  the  injection,  and  typical  anaphylactic 
death  followed  in  about  3  minutes.  The  post-mortem  appearances  were 
quite  characteristic — fixed  distension  of  the  lungs,  and  retarded  coagulation 
of  the  blood. 

It  seemed  desirable  to  confirm,  in  another  species  of  animal,  this  efficacy 
of  serum-albumin  as  an  anaphylactic  antigen,  provided  the  incubation  period 
is  sufficiently  h)ng.  A  dog  therefore  received  a  sensitising  injection  of  5  cc. 
of  horse-serum  hypodermically.  On  the  28th  day  after  this  injection  the 
dog  was  anaesthetised  by  a.c.e.  mixture,  after  a  preliminary  injection  of 
morphia.  Arrangements  were  made  for  recording  the  blood-pressure  from 
the  carotid  artery,  and  injection  into  the  femoral  vein.  The  record  was 
started,  and  20  cc.  of  a  5  %  solution  in  salin(;  of  the  pure  albumin  of  horse- 
serum  were  then  run  slowly  into  the  vein.     A  profound  and  typical  shock 
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occurred,  the  blood-pressure  commencing  to  fall  rapidly  during  the  injection, 
continuing  to  fall  after  the  injection  was  completed,  and  remaining  long  at 
a  very  low  level.  The  fall  of  pi-es.sure  was  accompanied  by  the  typical 
dyspnoea,  and  a  sample  of  blood,  obtained  while  the  depression  persisted 
from  the  other  carotid  artery,  showed  no  sign  of  clotting  after  standing  for 
24  hours. 


Guinea-pigs  sensitised  to  individual  proteins. 

(a)  Sensitised  to  euglohulin.  Sensitisation  with  euglobulin  produced  a 
more  clearly  specific  sensitiveness  than  that  with  either  of  the  other  proteins. 
When  a  guinea-pig  was  killed  13  to  17  days  after  a  preliminary  injection  of 
1  mgm.  of  euglobulin,  its  uterine  plain  muscle  responded  typically  to  1  nigm. 
or  10  mgm.  of  euglobulin,  but  was  apparently  indifferent  either  to  albumin 
or  pseudoglobulin,  at  any  rate  within  the  limits  of  dosage  employed  in  these 
experiments  (see  Figs.  5  and  6). 
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Fig.  5.     Guinea-pig  sensitised  with  1  mgm.  of  euglobulin.     17th  day.     A,   5  mgm.  of  albumin. 
B.    1  mgm.  of  euglobulin. 


(6)  Sensitised  to  pseudoglobulin.  The  available  samples  of  pseudoglobulin 
produced  a  sensitisation  to  either  pseudoglobulin  or  euglobulin,  but  the 
sensitiveness  to  the  former  was  always  definitely  superior,  as  the  following 
record  shows. 
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Fig.  6.  Guinea-pig  sensitised  with  1  mgm.  of  euglobulin.  13th  day.  A.  1  mgm.  of  pseudo- 
globuhn.  B.  10  mgm.  of  pseudoglobulin.  C.  10  mgm.  of  euglobuHn.  D.  10  mgm.  of 
euglobulin. 

Experiment  30.     (See  Figs.  7,  8  and  9.)     Guinea-pig  sensitised  with  1  mgni. 
of  pseudoglobulin.     22nd  day. 
1st  horn. 

1  mgm.  pseudoglobulin.     Maximal  contraction. 
2nd  horn. 

1  mgm.  euglobulin.     Moderate  contraction. 

10  mgm.  euglobulin.     Good  but  submaximal  contraction. 

10  mgm.  euglobulin.     Small  contraction. 

10  mgm.  euglobulin.     Nil. 

10  mgm.  pseudoglobulin.     Good  but  submaximal  contraction. 
It  is  clear  that  1  mgm.  pseudoglobulin,  as  a  first  dose,  is  much  more  effective 
than  1  mgm.  euglobulin  under  the  same  conditions;    further  that  complete 
desensitisation  to  euglobulin  weakens,  but  by  no  means  annuls  the  sensitive- 
ness to  pseudoglobulin. 

Experiment    35.     Guinea-pig    sensitised    with    0-1  mgm.    pseudoglobulin 
18  days. 

1st  horn. 

0-1  nigni.  pseudoglobulin.     Small  contraction. 
1  mgm.  pseudoglobulin.     Moderate  contraction. 
1  mgm.  pseudoglobulin.     Nil. 
10  mgm.  euglobulin.     Very  small  contraction. 
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2nd  horn. 

1  mgm.  cuglobulin.     Nil. 
10  mgm.  cuglobulin.     Maximal  contraction. 
10  mgm.  cuglobulin.     Nil. 

1  mgm.  pscudoglobulin.     Small  contraction. 


1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 '  1 1 

Fig.  7.  Guinea-pig  sensitised  with 
1  mgm.  of  pseudoglobulin,  22nd 
day.  1st  horn.  A.  1  mgm.  of 
pseudoglobulin. 
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Fig.  8.  Same  experiment  as  Fig.  7.  2nd  horn. 
B.  1  mgm.  of  euglobulin.  C.  10  mgm.  of 
cuglobulin. 
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Fig.  9.     Continuation  of  Fig.  8.     D.    10  mgm.  of  euglobuHn. 
E.    10  mgm.  of  pseudoglobulin. 
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In  this  experiment  an  error  was  made  in  dilution,  which  resulted  in  the 
dose  of  pseudoglobulin  being  throughout  only  one-tenth  of  what  had  been 
intended.  The  mistake,  however,  was  not  without  advantage,  in  bringing 
out  very  clearly  the  preponderance  of  sensitiveness  to  pseudoglobulin.  For 
the  result  showed  that  desensitisation  to  1  mgm.  of  pseudoglobulin  almost 
abolished  the  response  to  10  mgm.  of  euglobulin ;  while  after  desensitisation 
to  10  mgm.  of  euglobulin,  the  muscle  responded  definitely,  though  not 
powerfully,  to  1  mgm.  of  pseudoglobulin.  It  may  also  be  noted  that,  whereas 
the  first  horn  gave  a  small,  but  quite  definite  response  even  to  0*1  mgm. 
pseudoglobulin — i.e.  to  a  dilution  in  the  testing-bath  of  1  in  700,000 — the 
second  horn  gave  no  response  at  all  to  1  mgm.  (1  in  70,000)  of  euglobulin, 
but  was  stimulated  to  maximal  contraction  by  10  mgm.  (1  in  7,000). 


Sensitised  to  serum  albumin. 

All  the  guinea-pigs  used  in  these  tests  received  a  sensitising  hypodermic 
injection  of  1  mgm.  of  purified  serum  albumin.  Unfortunately  lack  of  time, 
and  the  exhaustion  of  our  small  stock  of  purified  pseudoglobulin,  prevented 
any  discriminating  tests  between  the  antigenic  properties  of  pseudoglobulin 
and  albumin,  which  would  have  given  information  of  some  interest.  We  were 
able,  how^ever,  to  show,  more  definitely  than  with  the  guinea-pigs  sensitised 
to  whole  serum,  the  antigenic  independence  of  albumin  and  euglobulin.  Few 
experiments  were  made  with  isolated  muscle,  and  it  will  be  sufficient  to  quote 
one.  It  will  be  noted,  both  in  this  case  and  in  the  records  of  experiments  on 
the  intact  animal,  that  when  pure  albumin  is  used  for  sensitisation,  anaphy- 
laxis to  this  protein,  though  still  somewhat  slowly  developed,  appears  at  an 
earlier  stage  than  when  the  immunity  reaction  is  complicated  by  the  presence 
of  the  other  serum  proteins  in  the  sensitising  inoculum. 

Exj)erim£nt  35.  Guinea-pig  sensitised  with  1  mgm.  serum  albumin 
hypodermically.     22nd  day. 

1st  horn. 

1  mgm.  serum  albumin.     Good,  but  not  maximal  contraction. 
10  mgm.  serum  albumin.     Nil. 
10  mgm.  euglobulin.     Nil. 

2nd  horn. 

1  mgm.  euglobulin.     Nil. 
10  mgm.  euglobulin.     Trace  of  response  (doubtfully  specific). 
1  mgm.  albumin.     Good,  but  not  maximal  contraction. 
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For  the  experiments  on  tinapliylaxis  in  vivo  two  guinea-pigs  (A  and  B)  were 
first  sensitised,  each  with  1  nigm.  albiiniiii  as  usual.  Twenty-two  days  later, 
when  each  weighed  250  g.  A  was  tested  by  intravenous  injection  of  10  mgrn. 
albumin  in  1  cc.  of  saline.  This  caused  pronounced  symptoms — cougliing, 
chattering,  erection  of  hair,  falling  on  the  side.  After  about  20  minutes, 
however,  the  animal  was  obviously  recovering,  and  10  minutes  later  was 
practically  normal  again.     Next  day  it  was  perfectly  well. 

On  the  35th  day  both  guinea-pigs  weighed  about  275  g.  B  received 
5  mgm.  of  albumin  in  0-5  cc.  of  saline  intravenously,  showed  immediate 
pronounced  symptoms,  and  died  within  2  minutes. 

A,  which  had  survived  the  injection  on  the  22nd  day,  was  given  a  second 
injection  of  10  mgm.  on  the  35th  day.  Symptoms  developed  slightly  more 
slowly  than  in  B,  but  death  occurred  within  3  minutes. 

Both  animals  showed  the  typical  post-mortem  picture  of  acute  anaphy- 
laxis— lungs  fixed  in  distension,  slowly  clotting  blood,  etc. 

A  further  series  of  twelve  guinea-pigs  (numbered  I-XII)  were  sensitised 
with  1  mgm.  of  albumin  and  examined  as  follows. 


No.  of 

days  after 

No.  of 

Weight 

sensitisa- 

Dose  given 

guinea-pig 

ing. 

tion 

intravenously 

Result 

I 

275 

10 

Albumin  20  mgm. 

Slight  symptoms,  recovered 

n 

275 

10 

10 

Nil 

III 

275 

17 

„        20 

Death  in  3  mins. 

IV 

250 

17 

„        10 

»>         **     »> 

V 

250 

17 

5 

»»         5     ,, 

VI 

225 

17 

2 

»>         «^     »» 

VII 

215 

17 

1 

3 

X 

220 

27 

Euglobulin  5  mgm. 

Nil 

XII 

210 

27 

Albumin  0-5 

mgm. 

Death  in  2  mins. 

X  (2nd  injection) 

220 

28 

1  mgm. 

„         4     „ 

I  (2nd  injection) 

300 

30 

Albumin  10 

mgm. 

Nil 

II  (2nd  injection) 

300 

30 

1 

>» 

Nil 

Guinea-pig  VIII  was  used  for  the  isolated  muscle  test  quoted  above; 
guinea-pigs  IX  and  XI  died  from  accidental  causes  before  testing. 

There  are  several  points  worth  noting  in  the  above  table.  The  sensitive- 
ness to  albumin  is  practically  non-existent  on  the  10th  day,  by  which 
sensitiveness  to  whole  serum  is  well  developed  in  animals  previously  injected 
with  this.  By  the  17th  day,  however,  in  this  series  a  very  high  sensitiveness 
to  albumin  has  appeared,  the  lower  limit  of  fatal  dosage  for  guinea-pigs  of 
this  size  not  being  reached  in  the  experiment.  The  experiments  on  the 
27th  and  28th  days  show  that  there  is  no  reaction  to  euglobulin  in  these 
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guinea-pigs,  even  in  a  dose  at  least  ten  times  as  large  as  the  fatal  dose  of 
albumin;  nor  does  the  injection  of  euglobulin  notably  modify  the  effect  of 
albumin  given  on  the  next  day.  Lastly,  it  is  seen  that,  when  large  injections 
have  been  given  on  the  10th  day,  i.e.  before  sensitiveness  to  albumin  has 
appeared,  no  sensitiveness  of  the  animal  to  albumin  can  be  detected  by 
intravenous  injections  given  on  the  30th  day.  It  has  been  shown  by  one  of 
us  that  such  lack  of  apparent  sensitiveness  may  be  due  either  to  genuine 
desensitisation  of  the  tissues,  or  to  an  excess  of  antibody  in  the  circulating 
fluids,  protecting  from  the  antigen  tissues  which,  when  isolated,  are  highly 
sensitive.  It  must  remain  an  open  question,  for  the  present,  which  of  these 
two  conditions  accounted  for  the  lack  of  intoxication  in  this  instance. 


Note  on  Anaphylaxis  to  Pure  Egg-albumins. 

The  production  in  the  guinea-pig  of  a  high  degree  of  anaphylaxis  to  the 
pure,  crystallised  albumin  of  the  hen's  egg  has  been  previously  described  by 
Armit  [1910]  and  by  Wells  [1908].  Wells  [1911]  has  also  shown  that  ovo- 
vitellin, from  egg-yolk,  acted  as  a  quite  separate  antigen  from  the  proteins 
of  egg-white^.  In  the  preceding  sections  we  have  given  evidence  of  the 
separate  action,  as  anaphylactic  antigens,  of  the  different  proteins  of  one 
serum.  By  way  of  contrast  it  seems  appropriate  to  make  preliminary 
mention  here  of  some  experiments  made  by  one  of  us  (H.  H.  D.)  on  anaphy- 
laxis to  the  pure  crystalline  albumins  from  the  egg-white  of  hens  and  ducks, 
in  the  preparation  of  which  Dr  A.  J.  Ewins  kindly  co-operated.  The  albumins 
were  crystallised  by  the  familiar  method  of  Hopkins  [1899],  three  successive 
crystallisations  being  given  to  each  sample.  The  eggs  were  obtained  from 
a  private  source,  and  there  can  be  no  question  of  any  mistake  in  specific 
identification.  The  albumin  from  the  ducks'  eggs  was  rather  more  difficult 
to  crystallise  than  that  from  hens,  a  larger  addition  of  acid  being  required 
to  initiate  the  first  crystallisation.  When  once  obtained  in  clean  crystals, 
however,  it  was  recrystallised  as  readily  as  that  of  the  hen.  The  final  crop 
of  crystals,  in  both  cases,  was  dialysed  free  from  ammonium  sulphate,  and 
the  watery  solutions  were  evaporated  to  dry  scale-preparations  at  room- 
temperature  in  vacuo,  solutions  })einf^  then  prepared  as  required.     Female 

'  Tluiro  is  a  somowhat  oxtonHivo  lifcnilurc  on  tlio  orosHcd  specificity  of  difTerent  ogg-whites, 
which  has  not  l)Ofn  (l(!alt  with  hv.nt,  Hinof;  the  oxpcrinu'iits  made  l)y  us  at  proacnt  have  been 
concerned  sohily  with  the  (try.stalhne  albumins. 
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guinea-pigs  received  injections  of  O-l  I  mgin.  of  either  al])uinin,  and  the 
isolated  uterine  plniii  muscle  was  tested  for  sensitiveness  after  three  weeks. 
The  result  can  be  stated  in  a  line.  Tli('i<^  was  no  evidence  of  any  antigenic 
distinction  between  the  two  albumins.  The  plain  muscle  of  guinea-pigs, 
which  had  l)een  injected  with  hen's  albumin  was  quite  as  sensitive  to  duck's 
albumin  as  to  hen's,  and  the  same  was  true  of  preparations  from  guir\ea-pigs 
injected  wdth  duck's  albumin.     Moreover  an  effective  dose  of  either  albumin 
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Fig.  10.  Guinea-pig  sensitised  with  1  mgm.  of  crystalline  albumin  of  hen's  egg-white.  22nd 
day.  A.  1st  horn.  Effect  of  005  mgm.  duck's  egg-albumin.  B.  2nd  horn.  Effect  of 
005  mgm.  hen's  egg-albumin. 


was  followed  by  complete  insensitiveness  to  the  other,  irrespective  of  w^hich 
had  been  used  as  the  sensitising  dose.  If  the  notebook  record  had  been  lost, 
it  would  have  been  impossible,  from  the  response  of  the  plain  muscle,  to  form 
any  opinion  as  to  which  albumin  had  been  used  for  sensitisation.  Fig.  10 
illustrates  the  corresponding  reactions  of  the  two  uterine  horns  from  a  guinea- 
pig  sensitised  with  hen's  albumin.  It  may  be  added  that  neither  preparation 
had  any  effect  on  uterine  muscle  from  normal,  unsensitised  guinea-pigs. 
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Summary  and  Discussion. 

The  following  are  the  main  conclusions  to  be  drawn  from  the  above 
experiments : 

1.  Each  of  the  three  proteins  separable  from  horse-serum  by  their 
physical  and  chemical  properties — euglobulin,  pseudoglobulin,  albumin — can 
act  as  an  anaphylactic  antigen. 

2.  A  guinea-pig  which  has  received  a  sensitising  injection  of  one  of  these 
proteins  is  more  sensitive  to  that  one  than  to  either  of  the  others  from  the 
same  serum.  In  some  cases  the  sensitisation  seems  to  be  rigidly  "specific," 
as  when  euglobulin  produces  sensitiveness  to  euglobulin  but  not  to  pseudo- 
globulin,  or  when  albumin  produces  a  high  degree  of  sensitiveness  to  albumin 
but  none  to  euglobulin. 

3.  The  sensitiveness  of  the  guinea-pig  to  albumin  is  later  in  development 
than  that  to  the  globulins ;  this  difference  possibly  accounts  for  the  fact  that 
previous  authors  failed  to  detect  the  sensitising  property  of  albumin.  The 
difference  is  especially  marked  when  sensitisation  is  carried  out  with  whole 
serum,  containing  all  three. 

4.  An  effective  dose  of  any  of  the  proteins,  to  which  the  guinea-pig's 
plain  muscle  has  been  sensitised,  partially  or  completely  desensitises  it  to  the 
other  proteins  of  the  same  serum. 

5.  The  crystalline  albumins  from  the  white  of  the  eggs  of  hens  and  ducks 
show  no  distinction  of  antigenic  properties. 

The  effects  of  "crossed"  desensitisation,  in  particular,  may  give  the 
impression  that  there  is  a  considerable  community  of  antigenic  function 
among  the  proteins  of  one  serum.  Such  an  impression,  however,  is  not 
completely  justified,  since  one  of  us  (H.  H.  D.)  has  previously  shown  that, 
when  a  guinea-pig  is  simultaneously  sensitised  to  two  or  more  antigens  of 
widely  different  origin,  and  of  undoubted  antigenic  independence — e.g.  egg- 
white  and  horse-serum — desensitisation  of  the  plain  muscle  to  one  may  greatly 
weaken  the  sensitiveness  to  the  other.  On  the  other  hand,  the  fact  that 
sensitisation  with  one  of  the  globulins  frequently  produces  a  smaller,  but 
quite  definite  sensitiveness  to  the  other,  shows  that,  at  any  rate,  the  prepara- 
tions of  those  two  substances  at  our  disposal  were  not  completely  independent 
in  their  antigenic  properties,  l^ut  the  question  necessarily  arises  whether 
this  overlap  is  a  genuine  phenomenon,  or  is  due  to  the  fact  that,  even  in  such 
elaborately  purified  preparations  as  those  which  we  used,  the  separation  was 
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not  ideally  perfect.  This  possibility  is  worthy  of  consideration,  in  that  the 
amount  of  a  protein  needed  to  evoke  some  deforce  of  sensitiveness  is  almost 
inconceivably  small.  Wells  |  1908],  for  example,  succeeded  in  sensitising 
guinea-pigs  with  l/20,()()()  milligram  of  egg-albumin.  This  explanation  of 
the  overlap  in  sensitisation  is  favoured  by  the  evidence  that  it  appears  most 
prominently  when  the  impurity  of  the  sensitising  protein  is  most  likely  to  be 
considerable.  The  purification  of  euglobulin  is  facilitated  by  its  insolubility 
in  weakly  acidulated  water.  We  have  found  that  a  rigidly  specific  sensitive- 
ness to  euglobulin  occurs  comparatively  frequently.  On  the  other  hand,  we 
never  succeeded,  by  injection  of  pseudoglobulin  in  producing  a  sensitiveness 
to  pseudoglobulin  alone;  sensitiveness  to  euglobulin  in  addition  was  always 
detectable,  though  it  might  be  relatively  weak,  especially  when  the  sensitising 
dose  was  small.  But  the  purification  of  pseudoglobulin  from  the  last  traces 
of  euglobulin  is  so  difficult,  that  it  may  be  doubted  whether  it  is  possible  by 
existing  methods.  It  is  similarly  difficult  to  make  a  sharp  separation  between 
pseudoglobulin  and  albumin,  and  we  think  it  probable  that  a  similar  overlap 
of  sensitisation  would  have  been  detected  between  these  two  protems. 
Unfortunately  the  material  was  exhausted  before  this  point  had  been  put 
to  the  test.  Again,  if  we  regard  the  overlap  of  antigenic  properties  as  due 
to  incomplete  separation,  it  would  be  expected  that  the  sharpest  distinction 
would  be  observed  between  euglobulin  and  albumin,  each  of  which  can  be 
obtained  with  tolerable  certainty  uncontaminated  by  the  other.  The  results 
were  quite  in  accordance  with  this  expectation,  since  the  plain  muscle  from 
a  guinea-pig  sensitised  with  euglobulin  seemed  quite  indifferent  to  albumin, 
and  vice  versa.  On  the  whole,  then,  the  evidence  seems  to  us  in  favour  of 
the  view  that  the  different  proteins  of  a  serum,  in  so  far  as  they  can  be 
obtained  pure  from  one  another,  act  as  independent  anaphylactic  antigens. 
This  narrowing  down  of  immunological  "specificity,"  to  a  discrimination 
between  the  different  pure  proteins  of  a  single  tissue  of  one  species,  is  by  no 
means  new.  Wells  [1911],  as  above  mentioned,  found  evidence  of  complete 
antigenic  independence  between  the  "ovovitellin"  of  egg-yolk,  on  the  one 
hand,  and  the  proteins  of  egg-white  on  the  other;  he  found,  however,  a 
considerable  overlap  in  the  antigenic  properties  of  the  albumin  and  globulin 
of  egg-white,  however  carefully  they  were  purified.  Ovomucoid  was  again 
an  independent  antigen.  Wells  and  Osborne  [1911,  1913]  have  furnished 
numerous  instances  in  which  the  different  pure  proteins  from  one  plant 
species  act  as  separate  antigens,  while  the  corresponding  pure  proteins  from 
allied  species  have  common  antigenic  properties.     Such  evidence  gives  to  the 
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fundamental  problem  of  immunity  a  more  hopeful  aspect,  by  its  suggestion 
that  the  antigenic  distinction  is  possibly  dependent  on  such  properties  of 
the  different  proteins  as  may  be  open  to  the  ordinary  methods  of  chemical 
and  physical  enquiry,  and  not  necessarily  on  some  biological  difference  of  so 
mysterious  a  nature,  as  to  elude  investigation  by  such  methods.  Our  own 
evidence  of  the  antigenic  independence  of  the  proteins  from  one  blood-serum, 
and  of  the  community  of  antigenic  function  between  the  pure  albumins  of 
egg-white  from  species  so  widely  separated  as  the  fowl  and  the  duck,  has  the 
same  tendency.  It  seems  clear  to  us  that  every  sensitisation  with  a  whole 
serum,  for  example,  is  in  reality  a  complex  multisensitisation ;  and  that 
it  is  essential  to  work  with  individual  pure  proteins,  in  any  attempt  to 
mvestigate  the  nature  of  the  difference,  of  which  antigenic  independence 
IS  an  expression. 

The  question  has  often  been  debated  whether  the  difference  is  a  chemical 
or  a  physical  one,  without  giving  these  terms  any  greater  precision  of  applica- 
tion. One  possibility  of  chemical  difference  we  are  in  a  position  to  eliminate. 
An  analysis  of  the  separated  proteins  from  horse-serum,  used  by  us  in  these 
experiments,  had  been  carried  out  by  one  of  us  [P.  Hartley,  1914]  by  the  aid 
of  van  Slyke's  method.  It  was  found  that  albumin,  as  others  had  shown, 
differed  from  the  globulins  in  yielding,  on  hydrolysis,  a  higher  proportion  of 
the  diamino-acids,  and  in  containing  a  higher  proportion  of  cystine.  It  was 
further  shown  that,  of  the  diamino-acids,  the  excess  yielded  by  albumin,  as 
compared  with  the  globulins,  was  greatest  in  the  case  of  lysine,  which  albumin 
contained  in  about  a  50  %  higher  proportion.  No  such  difference  was  found 
between  the  two  globulins,  which,  as  regards  the  distribution  of  their  nitrogen 
among  the  different  amino-acids,  showed  no  difference  of  any  note.  There 
is  no  help  to  be  obtained,  therefore,  in  this  direction  towards  an  explanation 
of  the  antigenic  difference  between  the  globulins.  It  is  clear,  however,  that 
there  is  abundant  room  for  difference  of  chemical  structure  even  between 
protein  molecules  built  up  from  the  same  amino-acids  in  identical  proportions. 
Indeed,  if  the  highly  specific  combining  properties,  which  give  a  protein 
molecule  its  antigenic  character,  are  related  to  chemical  structure  at  all,  it 
seems  likely  that  they  would  be  as  much  dependent  on  the  pattern  of  the 
structure  of  the  molecule,  on  the  order  in  which  the  amino-acids  are  linked 
up  in  it,  as  on  their  nature  and  the  proportions  in  which  they  are  present. 
A  relation  between  the  stereo-chemical  and  antigenic  characters  of  the  protein 
molecule  is,  indeed,  definitely  suggested  by  the  observation  of  Ten  Broek 
[1914],  who  found  that  a  protein  racemised  by  Kossel's  method  had  lost  all 


ANAPHYLAXIS  TO   SERUM   PROTKINS  431 

power  of  actintr  as  an  antigen,  just  as  Dakiii  and  Diullcy  [1913]  found  that 
it  had  lost  its  susce])tibility  to  the  action  ol  j)r{)toolytic  enzymes.  Dakin 
[1912]  has  given  reason  lor  believing  that  the  amino-acids  which  escape 
racemisation  in  this  pr()('(\ss,  and  are  therefore  obtained  in  the  natural, 
optically  active  condition  on  subsequent  acid  hydrolysis  of  the  racemised 
protein,  are  those  occupying  the  terminal  positions  of  the  peptide  chains  out 
of  which  the  protein  molecule  is  built.  Dudley  and  Woodman  [1915],  using 
Dakin's  method,  found  evidence  of  a  structural  difference  of  the  kind  under 
discussion  between  the  casein ogens  of  cow's  and  of  sheep's  milk — proteins 
consisting  of  identical  amino-acids  in  identical  proportions.  In  the  case  of 
sheep's  caseinogen  the  tyrosine  wholly  and  the  lysine  largely  escaped  race- 
misation, while  they  were  both  completely  racemised  in  that  of  cow's 
caseinogen.  The  instance  is  an  unsatisfactory  one  for  our  present  purpose, 
since  the  antigenic  properties  of  caseinogen  are  relatively  feeble,  and  the 
caseinogens  from  different  species  show  no  clear  disparity  of  antigenic  pro- 
perties. In  the  only  other  case  of  proteins  with  identical  amino-acid  content 
which  have  hitherto  been  thus  compared,  the  euglobulin  and  pseudoglobulin 
of  colostrum,  there  is  presumptive  evidence  of  an  antigenic  difference  of  the 
same  kind  as  that  which  we  find  existing  between  the  corresponding  serum- 
proteins.  In  this  instance  Dudley  and  Woodman  detected  no  difference  by 
the  racemisation  method.  So  that,  so  far  as  evidence  of  this  kind  has  been 
obtained  at  present,  it  fails  to  support,  and  might  even  seem  to  discredit  the 
view  that  antigenic  properties  depend  on  the  structural  pattern  of  the  pro- 
tein molecule.  We  have  an  example  of  structural  difference,  without  antigenic 
disparity,  and  another,  with  no  structural  difference  detected,  in  which  some 
degree  of  antigenic  independence  may  be  presumed.  It  must  be  remembered, 
however,  that  the  method  reveals  only  one  kind  of  structural  difference,  the 
effect  of  which  on  the  antigenic  properties  might  well  be  subsidiary  to  other 
differences,  which  the  method  fails  to  detect.  The  observation  that  two 
similar  proteins  from  different  species,  the  caseinogens  of  the  cow  and  sheep, 
while  as  yet  indistinguishable  by  other,  methods,  show  a  definite  difference 
in  the  order  of  amino-acid  linkage,  remains  highly  significant,  and  seems  to 
indicate  the  lines  along  which  the  possibility  of  a  connexion  between  antigenic 
properties  and  chemical  structure  may  yet  be  investigated. 

It  has  not  been  assumed,  in  thus  considering  the  possibility  of  a  chemical 
basis  for  antigenic  specificity,  that  the  combination  between  antigen  and 
antibody  is  of  the  type  of  an  ordinary  chemical  union.  There  is,  of  course, 
much  evidence  indicating  that  the  association  has  the  character  rather  of 
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an  adsorption.  This,  however,  by  no  means  precludes  the  possibility  that  it 
may  be  conditioned  ultimately  by  the  structure  of  the  antigenic  molecule. 
There  is  similarly  strong  evidence  in  favour  of  regarding  the  association 
between  an  enzyme  and  its  substrate  as  an  adsorption ;  yet  it  is  essentially 
dependent  on  the  configuration  of  the  substrate  molecule.  Again,  Barger 
and  his  co-workers  [1915]  have  demonstrated  the  connexion  between  the 
formation  of  coloured  adsorption-compounds  with  iodine  and  a  certain  type 
of  structure  in  organic  compounds.  They  also  showed,  however,  the  depend- 
ence of  the  reaction  on  surface-phenomena,  in  that  a  colloidal  solution,  or 
suspension  of  the  substance  in  amorphous  aggregates,  was  necessary  for  the 
formation  of  the  typical  coloured  complex  with  iodine.  It  is  not  improbable 
that  the  antigenic  behaviour  of  a  protein  is  similarly  conditioned  by  its  state 
of  dispersion.  Miss  Chick  [1914]  and  others  have  given  reason  for  considering 
euglobulin  as  possibly  formed  by  association  of  pseudoglobulin  with  a  lipoid, 
which  gives  to  euglobulin  its  phosphorus  content  and  its  characteristic  physical 
properties.  It  is  conceivable  that  the  antigenic  difference  between  a  pseudo- 
globulin  and  the  euglobulin  from  the  same  serum  may  be  due  to  the  peculiar 
physical  characteristics  conferred  on  the  euglobulin  by  associated  lipoid. 
We  hope  later  to  test  this  possibility  by  comparing  the  antigenic  action  of  a 
pseudoglobulin,  with  that  of  an  artificial  "  euglobulin  "  made  from  it.  But  even 
if  that  were  the  case,  such  characteristics  could  hardly  be  more  than  one 
factor  in  the  phenomenon  of  specificity ;  and  to  form  an  idea  of  its  significance, 
it  would  be  necessary  to  examine  the  degree  of  antigenic  independence 
exhibited  by  pure  euglobulins  from  the  sera  of  different  species.  Using  the 
purest  proteins  obtainable  as  antigenic  units,  it  should  eventually  be  possible 
to  compare  different  proteins  from  the  same  species,  and  similar  proteins 
from  different  species,  in  respect  of  their  molecular  configuration  and  also  of 
their  physical  properties,  and  to  trace  the  relation  of  each  type  of  character 
to  the  antigenic  individuality  of  the  substances  examined. 

A  word  may  be  added  on  some  practical  bearings  of  our  results.  Since 
all  the  proteins  of  a  serum  can  act  as  anaphylactic  antigens,  it  is  evident 
that  the  ideal  to  be  aimed  at,  in  concentrating  the  curative  element  in  a 
specific  immune  serum,  is  simply  the  reduction  of  the  ratio  of  total  protein 
to  antitoxic  value;  for  the  purpose  of  reducing  serum-reactions,  the  elimina- 
tion of  albumin  seems  to  be  as  important  as  that  of  euglobulin,  when  the 
pseudoglobulin  is  the  fraction  carrying  the  therapeutic  power.  Our  observa- 
tion of  the  relatively  long  latent  period  of  the  sensitiveness  to  albumin  is  also 
suggestive  in  connexion  with  the  successive  crops  of  serum  rash,  whicli  have 
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been  recorded  in  certain  i)atients  as  the  result  of  one  injection  of  a  serum. 
It  has  been  suggested  [(jloodall,  19071  that  these  represent  separate  reactions 
to  the  sera  of  the  different  horses  which  may  have  contributed  to  the  serum. 
It  seems  to  us  more  reasonable  to  supj)()se  that  they  represent  the  successive 
appearances,  at  dilTcrcnt  time  intervals,  of  sensitiveness  to  the  different 
serum-proteins. 
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VIII.  THE  CONDITIONS  OF  ACTIVATION  OF 
WASHED  ZYMIN  AND  THE  SPECIFIC  FUNC- 
TION OF  CERTAIN  CATIONS  IN  ALCOHOLIC 
FERMENTATION. 

By  ARTHUR   HARDEN. 

From  the  Biochemical  Department,  Lister  Institute. 
{Received  March  12th,  1917.) 

It  was  observed  by  Oppenheimer  [1915]  that  the  addition  of  a  small 
amount  of  a  pyruvate  (1  per  mille)  or  of  pyruvic  acid  (1  %)  to  a  mixture  of 
Lebedev's  maceration  juice  (prepared  from  dried  yeast)  and  glucose  caused 
an  increase  in  the  rate  of  fermentation  of  the  glucose,  and  that  a  similar, 
but  much  smaller,  acceleration  was  produced  by  the  addition  of  acetaldehyde 
(1  :  200,000).  Neuberg  [1915,  p.  75]  somewhat  later  made  a  similar  obser- 
vation and  extended  it  to  the  fermentation  of  fructose,  mannose,  cane  sugar 
and  maltose  and  also  found  [1915,  p.  83]  that  other  a-ketonic  acids  produced 
an  analogous  effect.  He  further  attempted  [Neuberg  and  Schwenk,  1915]  to 
activate  yeast- juice,  which  had  been  freed  from  coenzyme  by  dialysis,  and 
zymin  (acetone-yeast),  rendered  inactive  by  washing,  by  adding  to  them 
salts  of  individual  a-ketonic  acids  and  a  phosphate.  In  this,  however,  he 
was  unsuccessful,  but  by  adding  a  mixture  of  salts  of  a  large  number  of 
a-ketonic  acids  (pyruvic,  a-ketobutyric,  a-ketoisovaleric,  a-ketocapronic, 
phenylglyoxylic,  phenylpyruvic,  p-hydroxyphenylpyruvic,  hydroxypyruvic, 
oxalacetic  and  a-ketoglutaric)  along  with  dipotassium  hydrogen  phosphate, 
he  succeeded  in  obtaining  a  small  amount  of  fermentation  (of  the  order  of 
5  cc.  of  COg  from  excess  of  sugar  by  the  action  of  20  cc.  of  inactivated 
maceration  juice  or  2  g.  of  inactivated  zymin),  and  concluded  that  this 
mixture  could  in   part  replace  the  coenzyme. 

On  repeating  these  experiments  it  was  found  that  zymin,  which  had 
been  prepared  from  top-yeast  and  rendered  inactive  by  thorough  washing, 
was  readily  activated  by  potassium  pyruvate  in  presence  of  a  suitable  con- 
centration of  a  phosphate.  The  experiments  were  then  extended  to  acet- 
aldehyde, since  this  substance  is  the  immediate  product  of  the  decomposition 
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of  salts  of  pyruvic  acid  by  the  carboxylase  of  the  zymiii,  which,  as  lias  been 
previously  shown  |  Harden,  IDI.'J;  Neuberg  and  Rosenthal,  I91.*ij  is  not 
inactivated  by  washin<j;.  TIk^  lirst  experiments  were  carried  (jut  in  the 
presence  of  sodium  phosphate  and  were  unsuccessful,  but  it  was  subse(^uently 
found  that,  when  the  sodium  ])hosphate  was  replacc^l  by  the  potassium  or 
ammonium  salt,  acetaldehyde  activated  the  zymin  in  the  same  manner  as 
the  pyruvate. 

It  thus  appears  that  potassium  and  ammonium  ions  play  some  special 
part  in  the  process  of  fermentation  in  which  they  cannot  be  replaced  by 
sodium  ions.  The  presence  of  sodium  ions  is  not  in  itself  inhibitory,  since 
activation  occurs  in  their  presence,  provided  only  that  potassium  or  ammonium 
ions  are  also  present.  This  observation  complements  in  an  interesting  manner 
the  discovery  by  Adolf  Mayer  [1874]  that  potassium  phosphate  cannot  be 
replaced  by  the  sodium  salt  in  a  synthetic  culture  medium  for  yeast. 

The  fact  that  washed  zymin  can  be  activated  by  acetaldehyde  in  presence 
of  a  phosphate  is  of  considerable  interest  from  several  points  of  view.  In  the 
first  place  it  is  consistent  with,  and  may  even  be  regarded  as  strong  evidence 
in  favour  of,  the  theory  now  held  by  many  investigators  [for  literature  see 
Harden,  1914]  that  •  acetaldehyde  is  an  intermediate  product  in  alcoholic 
fermentation  and  is  reduced  in  that  process  to  alcohol  by  hydrogen  liberated 
at  a  previous  stage  of  the  decomposition.  According  to  this  view  the 
acetaldehyde  would  fulfil  the  function  of  an  activator  by  serving  as  an 
acceptor  for  the  hydrogen  and  would  thus  enable  the  reaction  to  start.  It  is 
possible  however  that  other  reducible  substances  would  act  in  the  same  way 
and  this  would  to  some  extent  lessen  the  weight  of  the  evidence  in  support 
of  the  acetaldehyde  theory  although  it  would  be  in  agreement  with  the  view 
that  a  hydrogen  acceptor  is  a  factor  necessary  for  fermentation.  This  question 
will  form  the  subject  of  further  experiments  as  soon  as  circumstances  permit. 

These  considerations  lead  directly  to  the  question  whether  acetaldehyde 
can  be  regarded  as  constituting  the  coenzyme  of  yeast-juice.  There  is  much 
in  favour  of  this  idea,  but  in  view  of  the  possibility  that  some  other  reducible 
substance  may  play  the  same  part  as  acetaldehyde  it  is  impossible  to  come  to 
a  definite  conclusion  without  further  investigation  respecting  the  actual 
presence  of  acetaldehyde  in  yeast-juice  and  the  activation  of  yeast-juice 
freed  from  coenzyme  by  dialysis,  ultrafiltration  and  continued  fermentation. 
As  regards  washed  zymin,  acetaldehyde  certainly  acts  in  all  respects  as  a 
coenzyme,  provided  that  phosphate  and  potassium  or  ammonium  ions  are 
present  in  suitable  concentrations. 
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A  second  consideration  is  that  the  possibility  of  reactivating  washed  zymin 
by  means  of  acetaldehyde  and  a  phosphate  affords  a  means  of  examining 
the  effect  of  various  cations  and  anions  on  the  initiation  and  course  of  the 
fermentation  and  this  opens  a  field  of  enquiry  which  may  be  expected  to 
yield  interesting  results. 

The  stimulating  effect  of  pyruvate  and  acetaldehyde  on  fermentation  by 
yeast- juice  observed  by  Oppenheimer  and  by  Neuberg,  also  becomes  of  great 
interest  in  the  light  of  these  results  and  will  form  the  subject  of  a  further 
communication. 

Experimental. 

The  zymin  used  in  these  experiments  was  prepared  from  a  top-fermentation 
yeast  employed  in  an  English  brewery  by  the  usual  method  of  treatment 
with  acetone.  It  was  washed  five  times  with  6  parts  of  water  in  the  manner 
previously  described  [Harden  and  Young,  1911]  each  washing  lasting  f  hour, 
and  was  then  made  up  to  a  given  volume  with  water.  The  same  sample 
of  zymin  was  used  throughout  the  experiments  quoted  so  that  the  results 
of  experiments  done  with  different  batches  are  roughly  comparable.  All 
the  fermentations  were  carried  out  in  presence  of  toluene  at  25°,  the  solutions 
being  previously  saturated  with  COg  at  this  temperature  and  incubated  for 
10 — 15  minutes  before  readings  were  made.  The  carbon  dioxide  evolved 
was  collected  and  measured  in  the  apparatus  previously  described  [Harden, 
Thompson  and  Young,  1910]  and  the  figures  given  are  cc.  of  gas  at 
atmospheric  pressure  and  temperature. 

Experiments  with  zymin. 

I.  The  activation  of  washed  zymin  by  potassium  pyruvate  and  potassium 
phosphate  and  the  effect  of  the  replacement  of  these  salts  by  the  corresponding 
sodium  salts. 

14  g.  of  zymin  were  washed  and  made  up  to  80  cc. 

In  each  experiment  10  cc.  of  this  suspension  (1-75  g.  zymin)  were  used  along  with  1  g.  of 
glucose  and  water  to  a  total  volume  of  20-6  cc.     To  five  quantities  were  added : 

Exp.l.  2cc.     O-SMKaHPO^. 

„     2.  2  cc.     0-5  M  K2HPO4  +  3  cc.  1  %  pyruvic  acid  (as  K  salt). 

„     3.  3-3  cc.  0-3  M  NaaHPOi  +3  cc.  1  %  pyruvic  acid  (as  Na  salt). 

„    4.  1-6  cc.  0-3  M  NagHPOi  +  3  cc.  1  %  pyruvic  acid  (as  Na  salt). 

„     5.  10  cc.  boiled  washings. 


Time 

A 

Evoluti( 

m  of  CO2 

A 

in  cc. 

r            \ 
h.     m. 

r 

1 

2 

3 

4 

5 

1       5 

0-5 

12-6 

1-9 

21 

111 

2       5 

0-5 

20-4 

2-1 

2-8 

17-G 

20    20 

2-9 

55-8 

2-5 

G-G 

G9 
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In  presence  of  the  sodium  salts  (Nos.  3  and  ^)  little  more  COg  was  evolved 
than  in  the  control  (No.  I )  in  the  absence  of  coenzyme^  whereas  in  the  presence 
of  the  potassium  salts  (No.  2)  the  ferniontation  is  nhnost  as  vigorous  as  in 
the  presence  of  boiled  washings  (No.  5). 

II.  The  activation  of  zymin  by  acetaldehyde  and  potassium  phosphate 
or  ammonium  phosphate  and  the  effect  of  the  replacement  of  these  salts  by 
sodium  phosphate. 

A.     Exp.  G.     This  was  carried  out  along  with  the  foregoing  series.     To  the  mixture  of  zymin 
glucose  and  toluene  were  added  1  cc.  acetaldehyde  soluticm  (0-7  %)  +  2  cc.  0-5  M  K2HPO4. 


Time 

Evolution  of  COg  in  cc 

A 

li.     m. 

f 

Control 
No.  1  (above) 

6 

1       5 

0-5 

13-3 

2       5 

0-5 

19-8 

20    20 

2-9 

52-4 

B.     10  cc.  of  washed  zymin  suspension  and  water  to  20-6  cc.     To  six  quantities  were  added ; 
Exp.    7.     10  cc.  boiled  washings  +  1  g.  glucose. 
8.     3  cc.     0-5  M  K2HPO4  + 1  g.  glucose. 


9.     3cc.     0-5  MK2HPO4. 


10.  3  cc.     0-5  M  K2HPO4  + 1  g.  glucose  + 1  cc.  acetaldehyde. 

11.  2  cc.     0-5  M  K2HPO4  + 1  g.  glucose  + 1  cc.  acetaldehyde. 

12.  1-6  cc.  0-3  M  Na2HP04  +  1  g.  glucose  + 1  cc.  acetaldehyde. 

Evolution  of  COg  in  cc. 


7  8  9  10  11  12 

141  0-2  0-5  14-2  11-7  0-9 

25-1  0-6  11  29-6  19-5  1-8 

33-2  0-7  1-3  37-7  23-6  2-3 

89  0-8  1-3  80-1  51-6  2-3 


The  amount  of  sodium  phosphate  added  was  only  half  the  equivalent  of  the  K  salt  because 
a  previous  experiment  had  shown  that  even  in  the  presence  of  a  small  concentration  of  K  ions, 
no  fermentation  occurred  in  presence  of  the  full  equivalent. 

C.  10  g.  zymin  to  60  cc.  10  cc.  of  zymin  suspension  + 1  g.  glucose  were  taken.  Total 
vol.  —20-6  cc.     To  three  lots  were  added : 

Exp.  13.     10  cc.  boiled  washings.  i 

„     14.     2cc.  0-5MK2HPO4. 
„     15.     2  cc.  0-5^M  (NH4)2HP04  + 1  cc.  acetaldehyde. 

Evolution  of  COj  in  cc. 


13  14  15 

81  1-4  6-5 

16-1  1-5  15-6 

39-8  1-5  34-6 


Here  again  acetaldehyde  and  potassium  phosphate  (Nos.  10,  11)  or 
ammonium  phosphate  (No.  15)  produce  a  good  fermentation  whereas  acet- 
aldehyde and  sodium  phosphate  (No.. 12)  are  without  action. 
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III.     Negative  effect  of  potassium  ions  and  acetaldehyde  in  absence  of 
mineral  phosphate. 

Six  quantities  of  10  cc.  of  zymin  suspension  +  1  g.  glucose  +  water  to  20Ccc.  were  taken  and 
to  these  were  added: 


Exp. 

16. 

10  cc.  1 

boiled  washings. 

17. 

3cc.  0 

5  M  K,HP04  + 

.  cc.  acetaldehyde. 

18. 

3  cc.  M  KHCO3  + 1  cc. 

acetaldchj'de. 

19. 

3  cc.  M  XaHCOg  + 1  cc 

acetaldehyde. 

20. 

1-6  cc. 

0-3  M  Na2HP04 

+ 1  cc.  acetaldehyde. 

21. 

0-8  cc. 
Time 

h.     m. 

0-3  M  XaoHPO^ 

+ 1  cc.  acetaldehyde. 

Evolution  of  CO2  in  cc. 

A 

16 

17              18             19 

20 

21 

1     10 

11-7 

14-4            21             1-3 

0-8 

1-5 

2     10 

18 

28-3            2-3            1-7 

1-4 

1-9 

18     10 

69 

74-9            3-3            3-8 

1-5 

2 

This  shows  that  K  ions  and  acetaldehyde  in  the  absence  of  phosphate 
(No.  18)  are  incapable  of  producing  fermentation  and  further  that  the  same 
is  true  of  Na  ions  (No.  19)  and  that  the  reduction  of  the  concentration  of 
sodium  phosphate  does  not  render  it  efficacious  as  an  activator  (No.  21). 

Experiments  with  dried  yeast. 

Since  dried  yeast  can  be  inactivated  by  washing  [Euler  and  Backstrom, 
1912]  it  can  readily  be  used  for  experiments  on  activation.  It  is  however 
not  so  satisfactory  as  zymin  since,  probably  owing  to  the  presence  of  a  certain 
proportion  of  living  cells,  some  samples  yield  irregular  results.  The  yeast 
was  dried  in  the  air  at  "37°  and  then  ground  in  a  coffee  mill.  It  was  washed 
in  a  similar  manner  to  the  zymin.  \ 

IV.     Effect  of  the  pyruvates  and  phosphates  of  potassium  and  sodium.  I 

20  g.  yeast,  washed  four  times  and  made  to  100.     15  cc.  yeast  suspension  + 1  g.  glucose  + 1  cc. 
toluene;  water  to  30-6  cc. ;  five  quantities  were  taken.  i 

Exp.  22.     5  cc.  1  %  pyruvic  (as  K  salt).  ' 


23. 

5  cc.  1  % 

>> 

j> 

+  1-5 

cc.  0-5 

MK0HPO4. 

24. 

5  cc.  1  % 

jj 

»> 

+  2-5 

cc.  0-3  MNa2HP04. 

25. 

5  cc.  1  % 

j> 

(as 

Na 

salt) +  1-5 

cc.  0-5 

MK2HPO4. 

26. 

5  cc.  1  % 
Time 

h.     m. 

>> 

>> 

+  2-5  cc.  0-3  MNaaHPO^. 
Evolution  of  CO2  in  cc. 

A 

22 

23 

24 

25 

26 

20 

2-6 

9-7 

15-6 

131 

1-4 

1     10 

5-6 

16-2 

22-8 

20-2 

2-7 

2       5 

6-7 

24-3 

— 

— 

3-9 

3       5 

71 

.341 

— 

— 

5-2 

19     20  9-9  711  —  —  8-6 

Here  the  substitution  of  sodium  for  potassium  salts  (No.  2(j),  in  equivalent 
amounts  has  resulted  in  the  complete  absence  of  any  evolution  of  COg  beyond 
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that  in  the  control  in  the  absenco  of  phosphato  (No.  22).  That  the  presence 
of  sodium  ions  is  not  seriously  harmful  is  shown  by  a  comparison  of  Nos.  24 
and  25  with  No.  23. 

V.     Effect  of  substituting  sodium  phosphate  for  potassium  phosphate  in 
presence  of  acetaldehyde. 

The  dried  yeast  was  treated  as  in  IV.     15 cc.  yeast  suspension  +  1  g.  glucose  -\- 1  cc.  toluene; 
water  to  30*6  cc. 

Exp.  27.     1-5  cc.  0-5  M  K2HPO4. 
„     28.     1-5  cc.  0-5  M  K2HPO4  + 1-4  cc.  1  %  acetaldehyde. 
„     29.     2-5  cc.  0-3  M  NagHPO^  + 1-4  cc.  1  %  acetaldehyde. 

Time  Evolution  of  CO,  in  cc. 


h. 

m. 

27 

28 

29 

1 

1-5 

25-5 

2-9 

3 

1-5 

41-8 

3-2 

5 

30 

1-7 

58-3 

3-8 

21 

45 

4-4 

86-3 

61 

The  contrast  here  between  the  action  of  equivalent  quantities  of  sodium 
and  potassium  phosphate  is  very  marked. 

VI.  Effect  of  the  addition  of  various  chlorides  in  presence  of  sodium 
phosphate  and  acetaldehyde. 

Dried  yeast,   treated   as  above.      15  cc.    of   yeast   suspension  + 1  g.  glucose  + 1  cc.    toluene 
+  0-5  cc.  0-3  MNa2HP04+5cc.  0-1  %  acetaldehyde;    water  to  30-6  cc.     Four  quantities. 

Exp.  30.  1-5  cc.  M  KCl. 

„     31.  1-5  cc.  M  NH4CI. 

„     32.  1-5  cc.  M  NaCl. 

„     33.  Control. 

Time  Evolution  of  COj  in  cc. 

. A 


30  31  32  33 

7-7  7-8  0-3  1-9 

10-6  111  2-5  2-8 

11-6  13-4  3-3  3-3 

This  shows  that  whereas  the  addition  of  KCl  (No.  30)  or  NH4CI  (No.  31) 
to  a  mixture  containing  inactivated  dried  yeast,  acetaldehyde  and  sodium 
phosphate  causes  a  definite,  though  small,  degree  of  fermentation,  that  of 
NaCl  (No.  32)  has  no  effect,  the  amount  of  COg  evolved  being  the  same  as  in 
the  control  (No.  33). 


0  A.    HARDEN 


Summary. 

1.  In  the  presence  of  potassium  phosphate,  zymin  and  dried  yeast,  which 
have  been  inactivated  by  washing,  can  be  activated  by  the  addition  of  a 
pyruvate  or  acetaldehyde. 

2.  A  specific  difference  in  relation  to  alcohoUc  fermentation  exists 
between  the  ions  of  sodium  on  the  one  hand  and  of  potassium  and  ammonium 
on  the  other. 
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In  the  course  of  an  experimental  investigation  undertaken 
to  ascertain  the  value  of  emetine  as  a  prophylactic  for 
amoebic  dysentery  we  have  found  kittens  extremely  re- 
fractory to  the  cysts  of  E.  histolytica  (tetragena) — that 
is,  only  a  very  small  proportion  (one  out  of  twelve,  after  a 
three  weeks'  incubation  period)  of  those  fed  with  faeces 
containing  large  numbers  of  cysts  become  infected.  We 
were  thus  led  to  endeavour  to  cultivate  the  Entamoeba  from 
the  cysts  in  order  to  obtain,  if  possible,  stock  cultures  of 
active  forms  for  rectal  inoculation.  Owing  to  the  fact  that 
we  are  going  abroad  very  shortly,  this  work  has  now  to  be 
broken  off  for  the  time  being.  As  we  have  found  a  method 
of  causing  the  cysts  present  in  the  faeces  to  excyst  and 
liberate  the  contained  Entamoeba,  we  think  it  worth  while 
to  indicate  briefly  the  results  obtained,  since  this  method 
furnishes  the  most  reliable,  and,  indeed,  the  only  con- 
clusive, evidence  of  the  vitality  of  the  cysts.  This  is  a 
point  of  the  utmost  practical  importance  as  bearing  upon 
the  duration  of  life  and  the  infective  power  of  the  cysts 
under  varying  environmental  conditions. 

A  sample  of  faeces  containing  a  good  infection  with 
cysts  is  well  emulsified  with  saline  (or  water)  and  filtered 
through  three  or  four  layers  of  fine  gauze,  to  remove  the 
larger  faecal  particles.  The  filtrate  is  then  centrif ugalized 
and  the  deposit  washed  three  or  four  times,  the  super- 
natant liquid,  which  contains  large  numbers  of  bacteria 
but  no  cysts,  being  pipetted  off  each  time.  By  this  means 
toxic  products  are  removed  and  the  cysts  are  concentrated 
in  a  mass  of  fine  faecal  debris.     As  excysting  agents  we 
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have  tried  pepsin,  in  an  acid  medium,  bile,  and  pancreatic 
extract,  either  alone,  consecutively,  or  together,  as 
appeared  indicated,  but  the  only  success  we  have  had  has 
been  with  pancreatic  extract  used  alone.  The  preparation 
used  is  Benger's  liquor  pancreatictis.  A  mixture  is  made 
up  in  the  following  proportions  :  Nutrient  broth  5  parts, 
liquor  pancreaticus  2  (or  3),  cyst-containing  sediment 
1  part.  This  mixture  is  then  incubated  for  five  to  seven 
hours  at  37"^  C.  At  the  same  time  a  drop  of  the  mixture 
is  placed  on  a  slide,  covered,  and  the  cover-slip  ringed  to 
prevent  evaporation  ;  this  is  also  incubated.  This  observa- 
tion-preparation serves  as  a  control  to  the  tube  and  can 


Fig.  L 


Fig.  2. 


Fig.  3. 


Fig.  4. 


Fig.  5. 


Fig.  6. 


Fig.  7. 


Fig.  8. 


Excystationof  Entamoeba  histolytica  {tetragena) ;  from  sketches 
made  at  the  time  of  observation.  Figs.  1,  2,  and  3.  Slight  amoeboid 
changes  within  the  cyst.  Fig.  3  shows  a  slight  development  of  ecto- 
plasm (this  is  unusual,  and  only  seen  if  excystation  is  apparently  de- 
layed). Figs.  5  and  6,  Emergence  of  the  Entamoeba  through  an  aiJer- 
ture  in  the  cyst  membrane.  Figs.  7  and  8,  Two  liberated  Entamoebae, 
with  their  empty  cysts  (seen  in  optical  section) ;  in  the  latter  figure 
the  aperture  in  the  membrane  is  in  focus,  and  this  Entamoeba 
ix>ssesses  a  "  chromidial  block"  (the  endoplasm  is  dotted  to 
indicate  its  finely  granular  character;  the  ectoplasm  is  left  clear). 


be  taken  out  and  rapidly  examined  whenever  desired,  to 
ascertain  how  excystation  is  progressing ;  after  five  or  six 
hours  excystation  is  usually  taking  place. 

Even  of  cysts  in  freshly  passed  faeces,  the  majority  of 
which  appear  quite  normal,  only  a  small  proportion 
excyst.  The  first  indication  of  approaxihiug  excystation 
is  that  the  protoplasm  becomes  very  slightly  retracted 
from  the  cyst-membrane  and  appears  somewhat  crinkled 
(Fig.  1).  By  careful  watching  it  can  be  seen  that  the 
contour  of  the  body  is  very  slowly  changing  its  shape,  that 
is  to  say,  the  Entamoeba  is  becoming  slightly  amoeboid 
(Figs.  2,  3).     The  nuclei  are  not  visible ;  it  may  be  pointed 


out  that  when  the  nuclear  ringH  are  clearly  viHible  in  a 
fresh  tetragena  cynt,  it  is  a  sign  that  the  cyst  contents  are 
dead  ;  in  tliis  respect  the  tctr(i<je)ia  cyst  differs  from  the 
cyst  of  E.  coll.  Next,  the  periphery  of  the  body  becomes 
applied  to  the  thin  cyst  membrane  in  the  region  where  the 
wall  is  about  to  be  dissolved  (Fig.  4).  I^issolution  of  the 
cyst-membrane  takes  place  over  a  small  area  only.  It  is 
brought  about,  we  consider,  by  the  action  of  external 
influences;  for  example,  the  pancreatic  juice,  probably 
helped  to  some  extent  also  by  bacterial  ferments  present  in 
the  intestinal  contents. 

In  the  next  stage  (Fig.  5)  the  Entamoeba  is  beginning  to 
emerge  from  the  cyst.  A  small  protuberance,  often  tinger- 
like,  is  thrust  out  through  the  aperture;  it  may  appear 
clearer  than  the  bulk  of  the  protoplasm,  and  be  mainly 
ectoplasmic  in  character.  The  whole  of  the  protoplasm 
now  gradually  flows  out  of  the  cyst  (Fig.  6) ;  the  entire 
process  of  emergence  may  take  only  about  ten  minutes, 
though  it  may  take  longer.  In  every  instance  which  we 
have  observed,  the  entire  protoplasm  comes  out  as  a  single 
Entamoeba;  there  is  no  indication  whatever  of  division 
while  still  inside  the  cyst.  We  are  strongly  of  the  opinion 
that  this  is  the  normal  method  of  excystation.  It  may  be 
mentioned  that  tyrosin  was  always  present  to  saturation 
in  the  liquor  pancreaticus  which  we  used,  the  white 
deposit  which  is  usually  seen  at  the  bottom  of  a  bottle  of 
this  preparation  (after  keeping  for  a  while)  consisting  of 
pure  tyrosin  needles  and  sheaves  which  have  crystallized 
out.  We  are  informed  by  Dr.  Maclean  that  the  amount  of 
this  amino-acid  normally  present  in  the  duodenum  is  not 
likely  to  represent  a  greater  concentration  than  we  have 
used  in  our  tubes.  From  our  observations  we  do  not  con- 
sider that  a  division  into  four  amoebulae  takes  place,  as  a 
rule,  within  the  cyst.  After  the  Entamoeba  has  completely 
emerged,  the  cyst-membrane  left  behind  appears  like  a 
very  delicate,  single-contoured,  usually  spherical  ring 
(Fig.  7) ;  only  by  careful  focussing  at  a  particular  level  can 
the  break  in  the  wall  be  made  out,  which  represents  the 
dissolved  area  (Fig.  8). 

We  have  seen  excystation  of  amoebae  which  had  no 
chromidial  block  in  the  protoplasm  (Fig.  6),  as  well  as  of 
others  which  possessed  this  structure  (Fig.  8) ;  so  that  one 
of  these  conditions  cannot  be  said,  apparently,  to  represent 
a  riper  phase,  as  regards  readiness  for  excystation,  than  the 
other.  For  a  little  while  the  liberated  Entamoeba  remains 
more  or  less  rounded  and  sluggish ;  but  soon  it  begins  to  throw 
out  the  typical  clear,  blunt  pseudopodia  of  the  histolytica 
type,  these  often  welling  out  laterally  in  the  characteristic 
manner.  We  have  not  yet  been  able  to  carry  out  direct 
observations  further  at  this  period,  and  cannot  say,  there- 
fore, whether  the  Entamoeba  proceeds  to  divide  into  four, 
and,  if  so,  how  soon  this  occurs.  Indeed,  from  our  living 
observations,  we  could  not  tell  whether  the  amoebae 
which  excysted  had  always  four  nuclei,  or  whether  indi- 
viduals with  only  one  or  two  nuclei  also  had  been  able  to 
excyst. 


When  we  have  asceitained  that  excystatiou  was  pro- 
ceeding actively  in  the  tubes,  we  have  always  subcultured 
from  them  into  the  expression-liquid  of  blood-agar  tubes, 
to  svhich  either  two  parts  of  citrated  blood  or  equal  parts 
of  citrated  blood  and  fresh  serum  were  added.  These 
new  tubes  were  then  placed  in  a  vacuum  and  incubated 
at  37°  C.  At  from  eighteen  to  twenty  hours  after  the 
excystation  period  we  have  seen  both  small  and  moderate- 
sized  active  Jiistoli/ticd  forms  in  these  cultures,  a  few  of 
the  larger  individuals  containing  red  blood  cells.  It  is 
a  moot  point  whether  any  multiplication  had  occurred, 
beyond  probably  division  of  some  of  the  originally 
encysted  forms  into  four;  and  even  in  regard  to  this  we 
do  not  feel  certain.  In  spite  of  all  our  efforts  so  far,  the 
growth  of  bacteria  has  always  been  excessive  and  gave  no 
promise  of  successful  cultivation  of  the  Entamoebae.  On 
one  or  two  occasions,  twenty-four  hours  later — that  is  to 
say,  from  forty-two  to  forty-four  hours  after  excystation — 
we  have  found  one  or  two  amoebae  still  alive  but  moribund. 

To  our  surprise,  the  above  method,  which  has  proved  so 
successful  for  the  excystation  of  E.  histolytica,  has 
entirely  failed  to  produce  excystation  of  E.  coli,  and  by  none 
of  tiie  other  methods  tried  have  we  been  able  to  induce  this 
form  to  excyst.  We  have  evidence,  however,  that  the 
small  "'  minnta'''  form,  which  we  have  recently  described,' 
excysts  in  the  same  manner  as  liistolytica  (tetragena), 
using  the  same  method ;  and  this  bears  out  our  view  as  to 
the  close  relationship  of  these  two  forms. 

In  the  case  of  Lamhlia,  also,  we  have  been  unable  to 
induce  excystation.  From  the  appearances  of  the  cyst 
contents  which  we  have  observed,  we  are  strongly  of 
opinion  that  only  a  single  individual  will  be  liberated  and 
not  two  separate  individuals.  In  other  words,  we  con- 
sider, as  we  have  previously  stated,^  that  conjugation  and 
not  division  occurs  within  the  Lamhlia  cyst.  Wenyon-"^ 
Ijas  expressed  the  view  that  these  cysts  are  multiplicative, 
and  represent,  indeed,  the  endogenous  form  of  nmltiplica- 
tion  shown  by  these  parasites  within  the  host.  In  our 
opinion  this  view  is  mistaken,  and  does  not  take  into 
account  the  biological  factors  (environmental  conditions) 
which  influence  both  encystment  and  excystation  (Cropper 
and  Drew,^  Woodcock  and  Lapage"^).  Not  to  enter  into 
details  here,  we  will  only  point  out  that  when  permanent 
(resistant)  cysts,  such  as  are  passed  out  with  the  faeces, 
are  formed  in  tlie  bowel,  conditions  other  than  those  pre- 
vailing in  the  region  where  encystment  is  occurring  are 
necessary  for  excystation  and  the  commencement  of  a 
fresh  cycle  of  activity.  Equally  as  is  the  case  with  the 
cysts  of  the  parasitic  Entamoebae,  for  instance,  we  have 
little  doubt  that  these  Lamhlia  cysts  only  undergo  ex- 
cystation on  passing  down  the  alimentary  tract  of  a  fresh 
host  and  coming  into  contact  with  its  digestive  juices. 
Kroiri  our  experience  of  muitipHcation  in  Hagellates  we 
should  say  the  process  takes  place  very  rapidly  ;  and  it  is 
quite  likely  that  it  occurs  mainly  amongst  those  parasites 
which  are  attached  to  the  epithelium. 


Had  timn  ponnittcMl  w<^  had  iiitcnidod  io  uk(!  Hh;  above 
dcHcribod  mk^UiocI  of  induciiif^  cxcyHtaiioii  ot"  tlu;  (tyHis  of 
E.  Jiistolijiicd  to  t(^st  tlic  vitality,  aud  coMWMjiuiiitly  tli(j 
infective  power,  of  the  cysts,  when  kept  under  dilfeniiit  con- 
ditions for  varying  lenj^ths  of  time ;  nincli  niorti  evidence 
is  needed  in  re«i;ard  to  this  |)()int  on  acciomit  of  its  gn^at 
hygienic  and  sanitary  importance.  The  chief  expcriiiK^nt 
wliich  we  have  had  opportunity  to  carry  out,  so  far,  in  this 
direction  has  been  to  keep  cysts  in  a  very  slowly  running 
current  of  water  for  fifteen  days  and  to  ascertain  tliat 
certainly  some  were  still  alive  at  the  end  of  this  period. 
By  this  time  the  debris  was  practically  freed  from  fa(!cal 
bacteria,  apart  from  those  nornjally  occurring  in  the  water, 
and  free-living  protozoa  (ciliates  and  fiagcllates)  were 
present.  We  should  say,  therefore,  that  water  which  has 
been  contaminated  with  cyst-containing  faeces  may 
remain  a  source  of  infection  for  a  considerable  period. 

References. 

1  Woodcock  and  Penfold,  British  Medical.  JonuNAL,  1916.  i,  p.  407. 
'•^Ledingham,  Penfold.  and  Woodcock,  I^ritish  MKDicAii  .Journal, 
1915,  ii,  p.  710.  -^  Lancet,  1915,  ii,  p.  1296.  ■*  Researches  on  Induced  Cell 
Reproduction  in  Amoebae.    ^  Proc.  Ray.  Sac,  B,  88,  1915,  p.  353. 


( 


o 


I 


R  Lister  Institute  of 

111  Preventive  Medicine,  London 

L4-  Collected  papers 

v,13 

Biological 
&   Medical 
Serials 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 

UNIVERSITY  OF  TORONTO  LIBRARY 


